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During  the  1973  fiscal  year,  there  was  a  substantial  expansion  and  intensi- 
fication of  the  Institute's  responsibilities  in  the  areas  of  heart  and  blood 
vessel  diseases,  lung  diseases,  blood  diseases  and  blood  resources.   To 
assist  the  Institute  in  taking  decisive  action  toward  meeting  its  expanded 
responsibllties ,  there  was  a  concomitant  increase  in  its  authority.   It  was 
also  a  year  of  reorganization,  as  the  Institute  tooled  up  for  these  increased 
challenges  and  opportunities. 

In  September,  the  National  Heart,  Blood  Vessel,  Lung  an(J  Blood  Act  of  1972 
replaced  the  National  Heart  Act  as  the  legal  basis  of  all  Institute  activi- 
ties.  The  new  Act  enlarged  the  authority  of  the  Institute  and  called  for 
expanded,  intensified,  and  coordinated  programs  in  those  areas  of  responsi- 
bility in  accordance  with  a  comprehensive  5-year  plan  to  be  developed  by  the 
Institute  and  its  advisory  bodies. 

Earlier,  in  his  Health  Message  to  the  Congress,  the  President  had  identified 
heart  and  blood  vessel  diseases  as  a  high-priority  disease  target  and,  in 
April  of  1972,  had  appointed  the  President's  Panel  on  Heart  Disease  to 
consider  the  problem  posed  by  heart  and  blood  vessel  disorders  and  to 
explore  means  of  reducing  the  toll  in  illness  and  death  that  they  presently 
exact  among  the  American  people.   The  20-member  group  of  experts  convened 
several  times  at  NIH  during  the  summer  and  sent  their  report  and  recommenda- 
tions to  the  White  House  in  September.   The  report  was  subsequently  forwarded 
to  the  Institute  for  consideration  in  preparing  the  plan  required  by  the 
National  Heart,  Blood  Vessel,  Lung,  and  Blood  Act. 

This  plan  was  transmitted  to  the  Congress  in  mid-May  of  this  year.   During  its 
preparation,  the  Institute  staff  worked  closely  with  scientists  and 
physicians  from  all  over  the  country  to  develop  a  comprehensive  strategy 
encompassing  all  relevant  topics  from  basic  research  to  emergency  care. 

In  July  1972,  the  Secretary  of  HEW  approved  a  reorganization  of  the  National 
Heart  and  Lung  Institute  and  elevated  it  to  bureau  status  within  NIH.   The 
new  organization  reflects  both  the  problems  to  be  overcome  and  opportunities 
to  be  exploited  by  the  Institute  under  its  broadened  mandate.   Under  the 
Office  of  the  Director,  six  division-level  components  were  established:   the 
Division  of  Heart  and  Vascular  Disease,  Division  of  Lung  Diseases,  Division 
of  Blood  Diseases  and  Resources,  Division  of  Technological  Applications, 
Division  of  Intramural  Research,  and  Division  of  Extramural  Affairs.   Some 
of  the  Institute's  activities  during  FY  1973  in  key  program  areas  are  briefly 
highlighted  in  the  remainder  of  this  report. 

Heart  and  Blood  Vessel  Diseases 

Within  this  family  of  diseases,  the  most  prevalent  and  most  serious  health 
problem  is  arteriosclerosis,  a  degenerative  disease  affecting  arteries 
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throughout  the  body.   Coronary  heart  disease  afflicts  nearly  4  million 
American  adults,  causes  an  estimated  1.25  million  heart  attacks  a  year 
and  about  600,000  deaths.   Arteriosclerosis  of  the  blood  vessels 
of  the  brain  is  the  major  cause  of  strokes,  which  cause  more  than  200,000 
deaths  a  year  and  leave  nearly  a  million  persons  partially  or  completely 
disabled.   These  and  other  consequences  of  arteriosclerosis  are  responsible 
for  an  estimated  85%  of  all  death  and  disability  from  cardiovascular 
disorders. 

Early  in  the  fiscal  year,  the  Institute  funded  additional  Specialized  Centers 
of  Research  on  arteriosclerosis,  bringing  to  15  the  number  of  SCORs  attacking 
high-priority  problems  posed  by  this  disease.   Each  individual  Center  deals 
with  only  a  limited  number  of  these  problems;  but  their  research  programs 
are  complementary  and  their  activities  coordinated  by  the  Institute  so  that, 
in  the  aggregate,  these  centers  cover  most  of  the  promising  lines  of  inquiry 
in  this  disease  area. 

Epidemiological  studies  over  many  years  have  established  that  susceptibility 
to  arteriosclerosis  and  coronary  heart  disease,  and  to  such  complications  as 
acute  heart  attacks,  is  increased  by  certain  risk  factors.   Three  of  the  most 
serious — elevated  blood  lipids,  high  blood  pressure,  and  cigarette  smoking — 
are  amenable  to  modification,  hopefully  with  corresponding  reduction  in  risk. 

In  August,  1972,  the  Institute  awarded  contracts  to  establish  8  clinical 
centers  and  a  coordinating  center  for  planning  and  conducting  a  Multiple 
Risk  Factor  Intervention  Trial  for  the  prevention  of  coronary  heart  disease. 
The  trial  is  designed  to  determine  whether  and  to  what  extent  reduction  of 
elevated  blood  lipids,  high  blood  pressure,  and  cigarette  smoking  will  reduce 
the  incidence  of  heart  attacks  and  mortality  from  coronary  heart  disease  among 
high-risk  males  aged  40-59.   An  additional  12  centers  are  planned  for  the 
trial,  which  will  entail  a  6-year  period  of  clinical  management. 

Prevention  is  also  the  goal  of  an  intervention  study  directed  against 
Type  II  hyperlipoproteinemia,  a  blood-lipid  disorder  characterized  by 
excessive  blood  cholesterol.   The  disorder  is  believed  to  be  common  in  the 
U.S.  population;  is  often  familial,  with  the  familial  form  being  dominant; 
and  carries  high  risk  of  premature  coronary  heart  disease  especially  among 
homo zygotes . 

Lipid  Research  Clinics,  previously  established  by  the  Institute  at  12  medical 
centers  around  the  country,  are  presently  conducting  studies  to  determine 
the  prevalence  of  Type  II  hyperlipoproteinemia  in  the  U.S.  population  and 
are  also  making  preparations  for  an  intervention  study.   The  elevated  blood 
cholesterol  levels  of  Type  II  can  be  reduced,  and  often  normalized,  by 
therapeutic  diets  supplemented,  as  necessary,  with  cholesterol-lowering 
drugs,  especially  cholestyramine.   The  trials  will  evaluate  the  effectiveness 
of  those  preventive  measures  in  subjects  with  Type  II  who  have  not  yet 
developed  clinical  signs  of  coronary  heart  disease. 

Contracts  were  also  awarded  early  in  the  fiscal  year  for  studies  to  develop 
and  evaluate  improved  methods  for  the  prevention  and  control  of  cardiac 
arrhythmias,  which  are  believed  responsible  for  a  high  proportion  of  the 
more  than  300,000  sudden  or  pre-hospital  cardiac  deaths  that  occur  each 
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year  in  the  U.S.   These  studies  investigated  basic  mechanisms  governing  the 
metabolic  and  electrical  properties  of  the  heart,  derangements  in  these 
mechanisms  that  might  underlie  potentially  lethal  arrhythmias ,  and  drugs 
for  preventing  or  suppressing  arrhythmias,  including  agents  that  might  be 
injected  at  onset  of  symptoms  by  the  victim  himself. 

Other  contracts  supported  research  seeking  means  of  protecting  the  heart 
against  the  destructive  consequences  of  anoxia  and  ischemia  in  order  to 
reduce  the  extent  and  severity  of  heart  damage  resulting  from  acute  heart 
attacks.   These  studies  complemented  and  extended  research  on  this  subject 
funded  during  the  previous  year. 

In  September,  Dr.  Peter  Frommer,  Associate  Director  for  Cardiology  in  the 
NHLI  Division  of  Heart  and  Vascular  Diseases,  was  one  of  the  four  U.S. 
experts  on  ischemic  heart  disease  who  spent  two  weeks  in  Russia  with  Soviet 
experts  as  part  of  the  U.S.-U.S.S.R.  Cooperative  Health  Program  on  Disease. 
The  5-year  agreement  was  signed  during  the  President's  May,  1972  visit  to 
Moscow. 

Subsequently,  in  December  and  again  in  February,  1973,  Soviet  scientists 
visited  the  Institute,  several  NHLI-supported  Lipid  Research  Clinics,  and 
other  U.S.  centers  of  research  on  ischemic  heart  disease.   The  aims  of 
these  visits  was  to  assess  and  compare  various  medical  and  surgical  approaches 
to  ischemic  heart  disease  favored  by  heart  specialists  in  each  country  and 
to  establish  standard  definitions,  criteria,  and  methods  for  discussing, 
planning,  and  eventually  carrying  out  cooperative  studies  of  treatment  methods 
in  both  countries. 

In  April,  a  Soviet-American  Joint  Symposium  on  Congenital  Heart  Disease 
was  held  at  NIH.   Areas  covered  included  epidemiology,  etiology,  diagnostic 
techniques,  and  ameliorative  procedures.   The  proceedings  will  be  published 
in  both  English  and  Russian.   Before  the  Symposium,  the  Soviet  scientists 
toured  the  surgical  facilities  of  the  Institute  and,  afterwards,  visited 
several  other  U.S.  institutions  with  highly  regarded  programs  in  cardiovas- 
cular surgery. 

Coronary  artery  bypass  grafts,  in  which  segments  of  saphenous  vein  are  used 
to  detour  blood  around  obstructions  in  the  coronary  arteries,  have  shown 
promise  in  the  relief  of  angina  pectoris  and  other  clinical  manifestations 
of  ischemic  heart  disease;  and  an  estimated  20-25,000  patients  undergo  the 
procedure  each  year.   During  FY  1973  the  Institute  awarded  contracts  for  the 
development  of  detailed  protocols  for  collaborative  studies  to  compare  the 
results  of  coronary  artery  bypass  surgery  with  those  obtained  through 
medical  management  in  clearly  defined  groups  of  patients.   The  goals  of  these 
trials  are  to  ascertain  the  potential  advantages  and  limitations  of  the 
procedure;  to  ascertain  whether  it  improves  long-term  survival  and  confers 
lasting  benefit;  and  to  develop  criteria  for  determining  which  patients  are 
most  likely  to  derive  optimal  benefit  from  surgery  and  which  are  best 
managed  medically. 

The  Coronary  Drug  Project  continued  the  evaluation  of'  lipid-lowering  drugs 

in  reducing  the  threat  of  recurrent  heart  attacks  and  improving  long-term 

survival  among  men  who  have  experienced  one  or  more  heart  attacks.  The 
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clinical  phase  of  this  study  is  scheduled  for  completion  in  1974. 

Hypertension  afflicts  an  estimated  23  million  American  adults,  causes  about 
60,000  deaths  a  year,  and  strongly  predisposes  affected  individuals  to 
illness  or  death  from  coronary  heart  disease,  stroke,  congestive  heart 
failure,  and  kidney  failure. 

During  FY  1973  the  Institute  has  been  cooperating  with  many  components  of 
DHEW,  with  non-federal  organizations,  and  with  the  medical  and  lay  communities 
in  a  nationwide  program  of  information  and  education  concerning  hypertension, 
the  threats  it  poses  to  life  and  health,  currently  available  measures  for 
blood  pressure  control,  and  the  benefits  of  adequate  therapy.   A  High  Blood 
Pressure  Information  Center  has  been  established  within  the  Institute's 
Office  of  Information  to  serve  as  the  focal  point  for  collecting  and 
disseminating  public  and  professional  information  about  the  disease. 

The  Hypertension  Detection  and  Follow-up  Program,  begun  in  1971  and  expanded 
during  1972,  currently  is  underway  in  14  clinical  centers  around  the  country. 
These  centers  have  begun  the  screening  and  enrollment  of  the  10,500  persons 
with  mild  to  moderate  hypertension  who  will  participate  in  the  treatment 
program.   The  goal  is  to  determine  the  extent  to  which  illness  and  death 
associated  with  hypertension  can  be  reduced  over  a  5-year  period  of  well- 
controlled  blood-pressure  management. 

Lung  Diseases 

The  various  lung  diseases  falling  within  the  purview  of  National  Heart  and 
Lung  Institute  programs  account  for  an  estimated  150,000  deaths  each  year 
in  the  United  States,  cause  60  million  days  lost  from  work,  40  million  days 
of  bed-restricted  activity,  and  cost  the  economy  about  $6  billion  a  year  in 
lost  productivity  and  wages  and  medical  care  costs. 

Last  year,  the  Institute  convened  a  12-member  task  force  to  assist  the 
Division  of  Lung  Diseases  in  identifying  problems  and  approaches  that  should 
receive  high  priority  in  the  Institute's  immediate  and  long-range  plans. 
Each  member  also  served  as  chairman  of  a  panel  of  experts  on  specific 
respiratory-disease  topics,  so  that  a  total  of  188  scientists  contributed  to 
the  report  and  recommendations  published  by  the  Institute  in  1973.   The 
report  assesses  the  magnitude  of  health  problems  posed  by  particular  respira- 
tory diseases;  summarizes  current  knowledge  about  causation,  prevention, 
diagnosis,  and  treatment;  identifies  disparities  between  current  efforts  and 
current  needs  in  combatting  those  disorders;  and  recommends  steps  to  streng- 
then present  research  programs.   The  report  will  be  of  great  value  to  the 
continued  orderly  expansion  of  NHLI  activities  in  the  respiratorv-disease 
field. 

The  1973  fiscal  year  also  saw  the  establishment  of  additional  Specialized 
Centers  of  Research  on  pulmonary  diseases,  17  of  which  are  currently 
operational.   The  research  projects  being  pursued  in  these  centers  are  many 
and  varied;  but,  with  respect  to  chronic  lung  disorders — including  chronic 
bronchitis,  emphysema,  and  occupational  lung  diseases  such  as  black  lung 
disease — heavy  emphasis  is  placed  on  causation,  the  search  for  effective 
preventive  measures,  and  the  development  of  techniques  for  detecting  these 
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disorders  in  their  earliest  stages  when  the  prospects  are  better  that  their 
course  can  be  arrested  or  possibly  reversed  by  appropriate  management. 

Pediatric  lung  diseases  comprise  another  area  of  heavy  research  investment. 
These  diseases  are  important  health  problems  in  their  own  right:   for 
example,  respiratory  distress  syndrome  is  the  leading  cause  of  death  among 
the  newborn.   Moreover,  it  is  suspected  that  certain  pediatric  lung  diseases 
may  also  be  the  forerunners  of  chronic  lung  disease  in  adult  life. 

There  is  some  evidence  that  a  heriditary  deficiency  of  the  enzyme  alpha-1- 
antrypsin  may  result  in  heightened  susceptibility  to  certain  forms  of  chronic 
lung  disease.   The  Institute  is  supporting  studies  to  ascertain  the  preva- 
lence of  the  trait  and  to  define  its  association  with  chronic  obstructive 
lung  disease,  particularly  among  persons  with  strong  family  histories  of 
such  disorders. 

Other  studies  are  concerned  with  the  development  and  evaluation  of  improved 
methods  of  treatment  and  rehabilitation  of  patients  with  advanced  chronic 
lung  disease,  including  the  management  of  acute  respiratory  crises.   Oxy- 
genators and  respiratory-assist  devices  being  developed  under  the  aegis 
of  the  Division  of  Technological  Applications  are  an  important  part  of 
this  effort.   For  example,  presently  undergoing  clinical  evaluation  is  a 
capillary  tube  oxygenator  that,  in  one  reported  instance,  sustained  a  child 
for  9  days  and  enabled  him  to  recover  from  a  pulmonary  infection  that  other- 
wise would  have  been  fatal. 

Blood  Diseases  and  Blood  Resources 

The  program  of  the  Institute's  Division  of  Blood  Diseases  and  Blood  Resources 
is  concerned  with  (1)  improved  techniques  of  blood  management;  (2)  clotting 
complications  of  heart  and  blood-vessel  diseases;  (3)  hemophilia  and  other 
hemorrhagic  disorders;  (A)  sickle  cell  anemia  and  related  disorders  of  the 
red  blood  cell;  and  (5)  prevention  of  hepatitis  and  other  diseases  trans- 
missable  through  blood  and  blood  products. 

Last  June  marked  the  completion  of  an  Institute-supported  survey  of  blood 
banking  in  the  U.S.  that  yielded  valuable  data  on  the  complex  of  organi- 
zations engaged  in  blood  banking  or  which  influence  current  blood-banking 
practice;  on  the  extent  of  current  government  regulation  of  the  blood 
resource,  together  with  recommendations  for  more  effective  regulation; 
on  hemophilia  and  its  impact  on  blood  resources;  and  provided  an  overview 
on  the  present  status  of  blood  acquisition  and  delivery.   During  this  fiscal 
year,  this  information  has  been  being  used  by  the  Institute  in  planning 
research  directed  toward  the  improvement  of  the  national  network  of  blood 
donation,  delivery,  and  utilization. 

The  clotting  defect  of  hemophilia  can  be  corrected  (temporarily)  by 
supplying  concentrates  of  antihemophilia  factor  (AHF  or  clotting  factor  VIII) . 
The  simplest  method  of  preparing  AHF  concentrates  for  therapeutic  numoses 
is  cryoprecipitation,  which  can  be  used  by  most  hospitals  or  blood  banks 
to  provide  AHF  for  the  prevention  or  control  of  bleeding  episodes  in 
hemophiliacs.   The  Division  of  Blood  Diseases  and  Blood  Resources  is  currently 
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supporting  research  to  improve  the  yield  of  AHF  obtainable  by  the  cryopre- 
cipitation  technique  and  to  standardize  the  potency  of  the  resulting  AHF 
preparation. 

Sickle  cell  disease  affects  an  estimated  50,000  blacks  and  an  additional 
2  million  are  carriers  of  sickle  cell  trait.   In  1971,  NHLI  was  assigned 
responsibility  for  coordinating  a  greatly  expanded  federal  program  of  research, 
training,  community  service,  and  information  activities  involving  a  number 
of  Institutes  of  NIH,  HSMHA,  and  other  federal,  state,  and  private  agencies. 
Accomplishments  of  this  National  Sickle  Cell  Disease  Program  during  this 
fiscal  year  include: 

.  Clinical  trials  evaluating  and  comparing  various  methods  for  the 
treatment  of  sickle  cell  crises. 

.  Establishment  of  10  community  centers  to  bridge  the  gaps  between 
basic  research  on  the  disease,  clinical  application  of  new 
knowledge,  and  community  service. 

.  Establishment  of  19  screening  and  educational  clinics  for 
educational,  screening,  diagnostic,  and  referral  services. 

Blood  or  blood  component  therapy,  while  often  lif esaving ,  carries  the  risk 
that  various  diseases  may  be  transmitted  to  the  patient  with  the  blood  or 
blood  fraction.   The  most  threatening  of  these  is  hepatitis.    Until  the  past 
few  years,  this  source  of  infection  could  not  be  detected  directly  in  blood 
or  blood  products.   Tests  developed  recently  are  complicated  and  insensitive, 
detecting  blood  capable  of  producing  hepatitis  less  than  one  third  of  the 
time.   The  Institute  is  currently  supporting  research  to  improve  the  sensi- 
tivity and  reliability  of  tests  to  detect  hepatitis  virus  in  blood  products 
and  to  find  means  of  removing  the  offending  virus  from  contaminated  samples. 
Also  underway  are  studies  to  develop  effective  means  of  immunizing  blood 
recipients  against  hepatitis. 

Technological  Applications 

The  Division  of  Technological  Applications  is  concerned  with  the  support 
of  research  directed  toward  reducing  disability  and  death  from  respiratory 
and  circulatory  disorders  through  development  and  evaluation  of  devices  and 
instrumentation  for  the  prevention,  diagnosis,  monitoring,  and  treatment  of 
those  diseases. 

During  the  past  few  years,  this  Division  has  developed  several  devices  for 
redering  temporary  pumping  assistant  to  damaged  hearts  until  they  have  mended 
sufficiently  to  resume  their  circulatory  duties.   Most  extensively  tested 
in  clinical  situations  has  been  the  intra-aortic  balloon  pump  against 
cardiogenic  shock.   In  tests  thus  far,  the  device  has  been  found  capable  of 
stabilizing  circulatory  systems  on  the  brink  of  collapse.   But  survival  rates 
have  been  disappointing,  probably  because  such  devices  have  usually  been 
employed  as  a  last  resort  in  patients  with  irreversible  heart  damage. 


00- 6 


Currently  undergoing  extended  evaluation  in  animals  is  a  circulatory  assist 
system  that  is  completely  implantable  and  designed  to  operate  for  10  years 
or  more.   The  pump  is  electrically  powered,  but  can  also  use  nuclear  power 
sources  when  these  become  more  readily  available. 

Substantial  advances  are  also  being  made  in  the  development  of  materials  for 
use  in  device  construction  that  are  compatible  with  blood,  other  bodily 
fluids,  and  tissues.   Promising  approaches  have  included  hydrogel  coatings 
and  the  growth  of  endothelial-like  cells  on  foreign  materials  to  provide  a 
"normal"  blood-material  interface. 

Intramural  Research 

The  Institute's  Intramural  Research  Program  blends  basic  research  on  the 
cardiopulmonary  system  with  clinical  studies  attacking  clinical  problems  of 
the  diseases  that  afflict  this  system. 

During  the  past  fiscal  year,  recruitment  and  follow-up  of  patients  has 
continued  in  the  Type  II  Coronary  Intervention  Study.   The  subjects  are  people 
with  familial  Type  II  hyperlipoproteinemia,  characterized  by  elevated  blood 
cholesterol  levels,  and  angiographic  evidence  of  coronary  heart  disease, 
which  is  not  sufficiently  severe  to  produce  overt  symptoms.   The  aim  is  to 
reduce  blood  cholesterol  levels  moderately  (by  therapeutic  diets)  or  markedly 
(by  therapeutic  diets  plus  the  cholesterol-lowering  agent  cholestyramine)  and 
to  assess  the  effects  of  these  measures  on  the  development,  progression,  or 
regression  of  arteriosclerotic  deposits  in  the  coronary  arteries — again  by 
coronary  angiography. 

During  this  fiscal  year,  the  Institute  also  developed  a  fully  operational 
Pulmonary  Branch.   This  Branch  not  only  provides  sophisticated  pulmonary 
testing  for  patients  enrolled  in  clinical  studies  of  other  Branches  and 
Institutes  of  NIH,  but  has  launched  its  own  research  program  on  various 
lung  disorders  within  the  purview  of  NHLI. 
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PHS  -  NIH 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,  1972  to  June  30,  1973 

OFFICE  OF  INFORMATION 


The  primary  goals  of  the  Office  of  Information  are: 

.  to  promote  public  understanding  of  the  National  Heart  and  Lung 
Institute  and  to  enlist  public  support  for  its  research  and 
training  activities  directed  against  cardiovascular,  blood  and 
lung  diseases; 

.  to  disseminate  to  the  general  public  and  to  health  professions 
the  results  of  research  carried  out  or  supported  by  the  Institute; 

.  to  publicize  and  promote  new  programs  in  order  to  generate 
interest  and  encourage  participation  by  members  of  both  the 
general  and  scientific  communities. 

This  report  will  summarize  01  activities  during  Fiscal  Year  1973  in  the 
following  areas:   (1)  information  documentation  and  retrieval;  (2)  internal 
reporting;  (3)  public  and  professional  inquiries;  (4)  press  and  media 
services;  (5)  publications;  (6)  exhibits;  and  (7)  a  separate  accounting  of 
activities  of  the  High  Blood  Pressure  Information  Center  recently  established 
as  a  branch  within  the  Office  of  Information. 

INFORMATION  DOCUMENTATION  AND  RETRIEVAL 

Whatever  the  medium  used  for  disseminating  information — pamphlet,  report, 
press  release,  film,  speech,  exhibit,  script,  letter — authentic  and  adequate 
subject  matter  is  the  required  ingredient.   Hence  an  activity  basic  to 
operation  of  the  Office  of  Information  is  the  systematic  development  of 
information  resources.   This  assures  that  essential  stores  of  data  and  docu- 
ments will  be  at  hand  from  which  to  draw  facts  for  the  substantive  content 
of  informational  products  and  services. 

During  the  past  fiscal  year,  source  and  reference  materials  acquired  and 
maintained  by  the  01  continued  to  be  systematically  developed.   Documentation 
of  research  conducted  and  supported  by  the  Institute  involved  the  regular 
screening  of  more  than  400  journals,  with  bibliographic  recording  of  an 
estimated  3,000  NHLI-credited  scientific  papers  during  the  year.   Reprints 
of  many  of  the  papers  were  obtained  and  added  to  01 's  reference  materials 
in  order  to  have  them  readily  available  for  use  by  the  staff  in  carrying 
out  information  functions  and  developing  informational  products. 
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Now,  responding  to  a  need  for  reducing  space  and  personnel  requirements, 
these  resources  are  currently  undergoing  curtailment.   The  gathering 
of  bibliographic  references  from  the  NTH  Library  and  of  reprints  from  NHLI 
grant-supported  scientists  has  ceased,  and  the  entire  25-year  collection 
of  grantee  reprints  are  being  prepared  for  removal  and  storage  elsewhere. 
Acquisition  and  maintenance  of  intramural  manuscripts  and  reprints  will    i 
continue  unchanged,  and  certain  other  functions  of  this  unit — notably      i 
acquisition  of  scientific  journals  and  maintenance  of  informational  source 
files  of  selected  materials  pertaining  to  subjects  of  special  or  current 
interest — will  be  expanded  in  partial  compensation  of  the  net  information 
loss  brought  about  by  the  above-mentioned  curtailment  of  some  activities. 


Other  categories  of  information  resources  continued  to  be  developed.   The 
numbers  of  reference  texts  and  index  volumes  were  slightly  increased. 
The  collection  of  reports,  memoranda,  publications,  and  other  materials 
relating  to  the  background,  programs,  and  activities  of  the  NHLI  grew 
during  the  year.   Frequently  consulted,  these  resources  provided  access 
to  subject  matter  needed  for  a  wide  range  of  informational  purposes 
and  proved  valuable  not  only  to  the  information  staff  but  to  other  units 
of  the  Institute  and  NTH  as  well. 

Two  bibliographic  reports  regularly  prepared  were  the  "Monthly  Listing 
of  NHLI  Staff  Papers  Submitted  for  Publication  and/or  Presentation," 
compiled  for  NHLI  internal  distribution,  and  "Quarterly  Listing  of  Pub- 
lished Papers  by  NHLI  Staff."  Also  compiled  and  edited  for  publication 
was  material  for  the  NHLI  portion  of  the  NIH  Scientific  Directory  1973 
and  Annual  Bibliography  1972.   Revised  material  was  prepared  for  the 
NIH  Almanac  1973. 


PUBLIC  AND  PROFESSIONAL  INQUIRIES 

Responding  to  public  inquiries  is  a  major  activity  of  the  01.   Each  day 
last  year,  01  received  more  than  200  letters  and  25  telephone  inquiries 
and  personal  visits  from  the  general  public,  physicians  and  other  profes- 
sional health  personnel.   Although  most  inquiries  are  handled  by  the 
provision  of  one  or  more  publications,  our  response  to  many  public 
inquiries  consists  of  a  telephone  conversation  or  letter. 


PRESS  AND  MEDIA  ,;( 

Press  and  media  services  Included  arranging  for  four  press  conferences; 
the  preparation  of  materials  and  press  room  assistance  for  the  National  ' 
Conference  on  High  Blood  Pressure  Education;  the  preparation  of  31  press  j 
releases,  background  statements  and  announcements;  arranging  approximately  I 
45  interviews  with  members  of  the  NHLI  professional  staff  for  repre-  \ 
sentatives  of  the  press,  radio  and  television;  and  providing  background 
Information  and  other  data  (including  2,000  photographic  prints  and  \ 
slides)  in  response  to  approximately  400  press  and  media  inquiries. 

a 

01-2 


INTERNAL  REPORTING 

Internal  reports — reports  intended  for  use  within  NIH,  HEW  or  other 
components  of  the  Federal  government — included  six  reports  for  use 
during  Congressional  appropriations  hearings,  one  speech,  reports  on  01 
communications  plan,  Lasker  awards  nominations  and  presentations. 
President's  Panel  report,  modular  orientation  report,  consumer  informa- 
tion report,  Presidential  proclamation  recommendation.  Institute 
relationships  with  non-federal  organizations,  and  more  than  30  other 
reports  and  NIH  Record  articles.   01  also  responded  to  approximately  700 
internal  inquiries  Including  80  Congressional  and  Presidential  inquiries. 


PUBLICATIONS 

During  this  reporting  period,  the  01  Publications  Unit  distributed 
3,627,850  publications.   Of  this  volume,  3,413,200  were  copies  of  the 
series  "Dietary  Management  of  Hyperlipoproteinemia."  This  series  of  five 
diet  manuals  and  a  physician's  handbook  was  totally  revised,  including 
new  art  work,  under  the  direction  of  the  NHLI  Molecular  Disease  Branch. 

The  Publications  Unit  printed  11  new  publications  concerning  sickle  cell 
disease,  arteriosclerosis,  peripheral  vascular  disease,  respiratory 
diseases,  and  blood  resources  and  research. 

The  unit  also  printed  four  fact  sheets,  four  newsletters,  nine  reports, 
24  press  releases,  reprinted  12  publications,  updated  and  maintained 
NHLI  mailing  keys,  coordinated  the  compilation  of  the  NHLI  Annual  Report, 
and  produced  four  compilations  and  12  monthly  summaries  of  the  chronolo- 
gical listing  of  clinical  heart  transplants. 


EXHIBITS 

During  Fiscal  Year  1973,  01  presented  scientific  exhibits  at  11  meetings 
with  a  total  attendance  of  about  23,900  professional  people.   In  addition 
to  the  informational  value  of  these  exhibits,  the  distribution  of  NHLI 
publications  in  conjunction  with  the  presentation  of  exhibits  is  a  major 
route  of  disseminating  Information,  accounting  for  approximately  one- 
fourth  of  publications  distributed  by  01. 

The  Exhibits  Unit  constructed  two  new  scientific  exhibits:   one  on 
sickle  cell  disease  for  the  National  Sickle  Cell  Disease  Program,  and 
the  other  on  respiratory  diseases  for  the  NHLI  Division  of  Lung  Diseases. 
The  Unit  also  arranged  for  the  shipping,  erection  and  disassembly  of  an 
exhibit  on  hypertension  for  01 's  High  Blood  Pressure  Information  Center. 
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HIGH  BLOOD  PRESSURE  INFORMATION  CENTER 

During  the  last  quarter  of  Fiscal  Year  1973,  the  High  Blood  Pressure 
Information  Center  was  established  within  the  Office  of  Information.   As 
part  of  the  National  High  Blood  Pressure  Education  Program,  the  new 
Center  is  the  focal  point  within  the  Federal  government  for  the  collection 
and  dissemination  of  informational  materials  on  high  blood  pressure.        ,■< 

In  coordinating  high  blood  pressure  information  activities,  the  Center      ] 
is  working  in  close  cooperation  with  HSMHA,  DOD,  VA,  AND  FDA.   The  Center 
has  also  established  liaison  with  voluntary  service  agencies ,  special 
interest  groups,  and  pharmaceutical  companies  for  the  identification, 
collection  and  dissemination  of  high  blood  pressure  informational 
materials. 

A  Speakers  Bureau  has  been  established  and  first  speaker  assignments 
finalized.   This  will  be  expanded  to  become  a  national  resource  for  high 
blood  pressure  information. 

A  recently  developed  High  Blood  Pressure  Education  Program  exhibit  has 
been  viewed  by  professional  and  non-professional  audiences  in  six  cities 
throughout  the  country.   As  part  of  the  exhibit,  educational  materials 
are  displayed  and  disseminated  and  visitors  may  have  their  blood  pressures  ' 
measured.   Although  its  prime  purpose  is  to  heighten  public  awareness       i1 
concerning  the  problem  of  high  blood  pressure,  the  display  serves  as  an 
excellent  vehicle  for  the  distribution  of  informational  materials. 

Under  the  aegis  of  the  High  Blood  Pressure  Information  Center,  HSMHA 
has  produced  one  flyer  encouraging  the  reader  to  have  his  blood  pressure 
checked.   An  additional  publication  is  being  prepared  which  will  be 
directed  at  the  diagnosed  hypertensive  patient.   The  Center  has  also 
printed  a  flyer,  directed  toward  exhibit  audiences,  that  provides  facts 
about  high  blood  pressure  and  also  serves  as  a  record  for  an  individual  who 
has  had  his  blood  pressure  checked  at  the  exhibit. 

As  the  focal  point  for  high  blood  pressure  information,  the  Center  has 
accumulated  and  compiled  lists  of  various  Federal  and  non-federal 
publications  and  reprints  for  dissemination  in  response  to  public 
inquiries . 

A  film  concerning  the  problem  of  high  blood  pressure  and  three  one-ininute 
TV  spot  announcements  are  currently  being  prepared. 

Although  the  Center  is  still  quite  new,  the  volume  of  public  inquiries 
requesting  information  on  high  blood  pressure  is  already  being  received 
at  a  rate  of  over  100  per  week.   These  requests  have  been  generated 
by  newspaper  articles,  journal  articles,  radio  and  TV  spot  announcements 
and  personal  contacts. 
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ANNUAL  REPORT  OF  OFFICE  OF  THE  DIRECTOR 
DIVISION  OF  HEART  AND  VASCULAR  DISEASES 

The  reorganization  of  November  6,  1972  established  the  Division  of  Heart 
and  Vascular  Diseases  (DHVD)  as  the  organization  to  plan  and  direct  the 
institute's  research,  grant  and  contract  programs  in  heart  and  vascular 
diseases,  encompassing  basic  research,  targeted  research,  clinical  trials 
and  national  cardiovascular  centers.   Dr.  Theodore  Cooper  serves  as  Acting 
Director  of  the  Division  which  is  comprised  of  the  following  segments: 

Office  of  the  Director 

Lipid  Metabolism  Branch  -  Chief,  Dr.  Robert  I-.  Levy 

Associate  Director  for  Etiology  of  Arteriosclerosis  and  Hypertension 
Dr.  Gardner  C.  McMi I  Ian 

Atherogenesis  Branch  -  Chief,  Dr.  Gardner  C.  McMillan 
Hypertension  and  Kidney  Diseases  Branch  -  Chief,  Dr.  W.  Glen  Moss 

Associate  Director  for  Cardiology 
Dr.  Peter  L.  Frommer 

Clinical  Cardiac  Diseases  Branch  -  Chief,  Dr.  Alan  L.  Pinkerson 
Cardiac  Functions  Branch  -  Chief,  Dr.  Don  Blount 

Associate  Director  for  Clinical  Applications  and  Prevention 
Dr.  Wi I  I iam  J .  Zukel 
Preventive  Cardiology  Branch  -  Acting  Chief,  Dr.  W.  J.  Zukel 

Hypertension  Studies  -  Head,  Dr.  Gerald  H.  Payne 

Multiple  Risk  Factor  Intervention  Trial  -  Project  Officer,  Dr.  C.  Kaelber 
Clinical  Trials  Branch  -  Chief,  Dr.  William  Friedewald 
Epidemiology  Branch  -  Chief,  Dr.  Manning  Feinleib 
Biometrics  Research  Branch  -  Dr.  Max  Halperin 

The  Office  of  the  Director  serves  as  the  coordinating  point  for  the 
scientific  activities  of  the  various  segments  of  the  Division  many  of  whose 
programs  are  direct  outgrowths  of  recommendations  of  the  Report  by  the 
Institute  Task  Force  on  Arteriosclerosis  of  December  1971.   Some  of  those 
programs  operating  under  the  direction  of  this  Division  include:  Clinical 
trials  to  test  the  "risk  factor"  hypotheses  that  modification  of  risk 
factors  such  as  smoking,  hypertension,  and  food  intake  can  result  in  a 
significant  reduction  in  death  and  disability  from  arteriosclerosis;  expansion 
of  the  lipid  research  clinics;  studies  to  reduce  death  and  disability  from 
acute  events  of  arteriosclerosis  such  as  heart  attack  and  strokes;  continuation 
of  the  Myocardial  Infarction  Research  Units  with  an  emphasis  on  the 
implementation  of  interventions  which  modify  the  acute  disease  process;  the 
various  Specialized  Centers  of  Research  which  represent  a  national,  coordinated, 
comprehensive  program  for  the  prevention  and  control  of  arteriosclerosis;  and 
a  program  to  determine  the  effectiveness  of  a  systematic  approach  of  anti- 
hypertensive therapy  in  those  with  elevated  blood  pressure  in  community 
based  populations. 
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ANNUAL  REPORT  OF 
THE  LIPID  METABOLISM  BRANCH 

July  1,  1972  through  June  30,  1973 

BRANCH  SUMMARY 

The  Lipid  Metabolism  Branch  was  established  in  FY'71  to  capitalize  on  recent 
advances  in  the  understanding  of  hyperlipidemia,  especially  through  the  use 
of  the  theoretical  and  practical  concepts  of  hyperlipoproteinemia.  The 
Branch  has  the  responsibility  for  planning,  conducting,  and  directing  a  col- 
laborative program  of  research  into  the  structure,  metabolism,  and  function 
of  lipids  and  lipoproteins  as  they  relate  to  atherosclerosis.   It  supports 
and  coordinates  a  national  research  program  designed  to  increase  knowledge 
related  to  the  etiology,  diagnosis,  and  management  of  lipid  disorders, 
especially  those  associated  with  premature  vascular  diseases. 

To  this  end  the  Branch  operates  the  Lipid  Research  Clinic  program.  The  con- 
stituent units  of  this  program  are: 

1.  Twelve  Lipid  Research  Clinics  -  Five  clinics  were  established  in 
June  1971,  an  additional  six  in  June  1972,  and  a  final  one  in  November 
1972.  They  provide  the  total  network  of  clinics  calculated  to  be 
necessary  for  implementation  of  a  Primary  Prevention  Trial.  The  Lipid 
Research  Clinics  also  have  the  responsibility  of  (a)  providing  basic 
population  laboratories,  (b)  evaluating  and  standardizing  basic  lipid 
and  lipoprotein  techniques  and  terminology,  (c)  determining  the  prev- 
alence of  lipid  transport  disorders,  their  causes  and  treatment  and  the 
effect  of  this  treatment  on  premature  atherosclerosis,  (d)  adhering  to 
common  protocols  and  methodology,  common  standardization  programs,  pro- 
viding comparable  patient  populations,  long-term  observation  and  central 
collection,  editing  and  monitoring  of  data. 

2.  The  Central  Patient  Registry  established  in  June  1971  is  responsible 
for  the  acquisition,  analysis,  and  storage  of  all  Lipid  Research  Clinic 
data. 

3.  A  Central  Exercise  Laboratory  established  in  June  1972  and  charged 
with  the  responsibility  of  assisting  in  the  development  of  a  protocol 
for  conducting  standardized  exercise  tests  at  all  clinics,  and  for  the 
centralized  computerized  analysis  of  the  exercise  test  data. 

The  past  year  has  seen  considerable  progress  towards  achievement  of  the  prin- 
ciple goals  of  the  program. 

1.  All  of  the  original  series  of  clinics  have  standardized  their  core 
lipid  laboratories  and  three  of  the  second  series  have  also  done  so.  A 
system  for  the  accurate  and  precise  measurement  of  cholesterol  and  tri- 
glyceride has  been  developed  and  tested  under  operating  conditions. 
Evaluation  of  the  results  of  these  tests  demonstrate  a  intraclinic  com- 
parability of  analysis  previously  considered  impossible  and  represents 
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the  complete  achievement  of  objective  one  of  the  Lipid  Clinics  Program. 
A  report  on  this  new  technology  and  its  implications  is  now  in  prepara- 
tion for  publication  by  the  Lipid  Research  Clinic  group. 

2.  Prevalence  study  plans  have  been  approved  for  all  clinics  and  patient 
study  has  already  been  initiated  at  all  five  original  clinics  following 
intensive  training  and  standardization  procedures.  Prevalence  data  has 
already  been  received  by  the  Central  Patient  Registry  on  over  7,000  sub- 
jects. 

3.  The  Lipid  Clinics'  Manual  of  Operations  has  been  developed  and  ex- 
panded, including  a  detailed  description  of  the  new  cholesterol  and  tri- 
glyceride methodology  and  an  elegant  Xanthoma  Manual .  Requests  for  the 
Manual  of  Operations  have  been  received  from  many  sources  and  copies 
provided  for  investigators  in  several  countries  including  Sweden,  Russia 
(translated  into  Russian),  United  Kingdom,  Israel  and  Italy. 

4.  Training  for,  and  standardization  of,  dietary  and  exercise  labora- 
tory procedures  have  been  carried  out.  Exercise  technicians  are  cur- 
rently certified  at  seven  of  the  clinics  including  the  original  five, 
and  dietitians  at  eight  including  four  of  the  original  five. 

5.  The  Lipid  Clinics'  Type  II  Coronary  Primary  Prevention  Study  proto- 
col has  been  written  and  approved  for  use  by  the  Clinic  Directorate  as 
have  the  forms  for  the  study.  The  latter  have  also  received  clearance 
by  the  Office  of  Management  and  Budget.  Extensive  planning  for  initia- 
tion of  the  Prevention  Trial  on  July  1,  1973  has  taken  place  including 
special  training  sessions  for  clinic  dietitians,  data-coordinators  and 
prevention  clinic  directors.  Staffs  are  being  assembled  at  all  clinics 
for  conduct  of  the  trial. 

6.  A  rewarding  feature  of  the  Lipid  Clinic  Program  is  its  impact  on,  and 
contribution  to,  other  NHLI  programs.  The  Multirisk  Factor  Intervention 
Study  group  has  adopted  the  Lipid  Clinics'  procedures  for  lipid  determina- 
tion, and  the  SCOR  atherosclerosis  group  is  also  using  LRC  method  pro- 
tocols and  is  initiating  a  similar,  though  less  demanding,  lipid  stand- 
ardization program. 

7.  USA-USSR  Collaboration 


As  a  consequence  of  Presidential  initiatives  and  USA-USSR  intergovern- 
mental agreements,  the  Lipid  Metabolism  Branch  is  deeply  involved  in  a 
collaborative  research  program  concerned  with  the  "Prevalence  of  Hyper- 
lipidemias  in  the  Population".  The  major  Soviet  participants,  paid  a 
prolonged  visit  to  the  U.S.  to  familiarize  themselves  with  the  LRC  pro- 
gram. A  Russian  translation  of  the  Manual  of  Operations  was  provided 
for  them.  A  U.S.  group  visited  the  Soviet  Union  March  18-25  to  discuss 
further  development  of  the  joint  research  program.  Lipid  Clinics  are 
to  be  established  in  Moscow  and  Leningrad  and  agreement  has  been  reached 
to  carry  out  a  combined  USA-USSR  study  of  the  prevalence  of  hyperlipi- 
demia  in  men  aged  40-59  years  using  the  strictly  standardized  methods 
and  protocols  developed  by  the  LRC  program.  Exchange  of  data  will  be 
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carried  out  at  regular  intervals  on  compatible  magnetic  tape. 

This  cooperative  study  should  be  a  milestone  in  the  development  of  USA- 
USSR  health  research  collaboration  and  should  provide  valuable  inter- 
national comparisons  on  hyperl ipidemia  prevalence  and  related  factors. 

The  Clinical  Chemistry  and  Hematology  Branch  of  the  Center  for  Disease  Control, 
Atlanta,  Georgia,  plays  a  vital  role  in  the  Lipid  Research  Clinics  Program  by 
serving  as  a  lipid  standardization  laboratory.  Their  role  is  to  coordinate 
and  monitor  the  laboratory  aspects  of  the  study  and  provide  the  materials  to 
insure  standardization  of  methodology  in  each  clinic.  This  Lipid  Standardiza- 
tion Laboratory,  and  the  Central  Patient  Registry,  are  responsible  for  all 
quality  control  procedures. 

The  Lipid  Metabolism  Branch  serves  as  the  Program  Office  for  the  Lipid 
Research  Clinic  Program.  It  performs  many  roles  including:  (1)  initiation 
and  development  of  the  program  including  issuance  of  new  requests  for  pro- 
posals and  establishment  of  appropriate  extramural  review  machinery,  (2) 
overall  financial  management  of  the  program  through  the  contract  mechanism, 

(3)  day-to-day  coordination  of  the  total  program  and  its  constituent  units, 

(4)  major  participation  in  development  and  writing  of  Lipid  Clinic  procedure 
manuals  (prevalence,  laboratory  methods,  prevention  study,  nutrition),  (5) 
active  participation  in  prevalence  and  prevention  study  training  procedures 
(interviewers,  nutritionists,  lipid  laboratory  technicians,  exercise  tech- 
nicians) including  on-site  preparations  at  each  clinic  for  prevalence  studies, 
and  on-site  pre-trials  of  prevention  trial  procedures,  and  (6)  performance  of 
at  least  one  annual  formal  site  visit  to  each  clinic. 

The  internal  operations  of  the  Branch  include  the  direction  and  administration 
of  ongoing  contracts,  the  development  of  requests  for  proposals  and  the  review 
of  proposals,  the  planning  and  integration  of  the  overall  Program,  participa- 
tion in  research,  and  routine  administration.   In  the  direction  and  admini- 
stration of  contracts,  emphasis  is  placed  upon  scientific  excellence  and  Pro- 
gram relevance,  upon  the  development  of  people  and  resources,  and  upon  the 
fulfillment  of  Program  goals.  There  is  recognition  of  the  need  for  flexibil- 
ity in  the  scientific  content  and  in  the  operation  of  the  projects--within 
the  bounds  of  Program  structure  and  priorities  and  of  the  need  for  sound 
administrative  and  fiscal  practices. 

As  in  other  branches  of  the  Institute,  primary  technical  review  of  all  pro- 
posals is  by  experts  predominantly  from  the  extramural  scientific  community; 
their  recommendations  are  considered  in  light  of  the  additional  study  of  the 
proposals  by  Program  staff  and  in  the  context  of  Program  needs;  Program 
Office  recommendations  are  further  considered  by  reviewers  advisory  to  the 
Director,  NHLI,  before  contact  is  made  with  potential  contractors.  Scientif- 
ic discussions  between  Program  staff  and  potential  contractors  precede  formal 
contract  negotiations. 
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In  the  coming  year  it  is  envisaged  that  the  involvement  of  many  of  the  Lipid 
Research  Clinics  in  their  prevalence  studies  will  be  at  a  peak  and  that  the 
engendered  field,  clinic  and  laboratory  workload  will  gradually  reduce  there- 
after. It  is  then  hoped  to  phase  in  a  variety  of  related  in-depth  studies 
designed  to  elucidate  the  much  debated  and  important  question  of  the  genetics 
of  the  primary  hyperlipoproteinemias.  The  availability  of  comparable  labora- 
tories will  be  especially  valuable  here.  Several  clinics  have  already  devel- 
oped preliminary  concepts  of  studies  in  this  area.  It  will  be  important  not 
to  delay  initiation  of  such  studies  in  order  to  capitalize  both  on  the 
available  carefully  assembled  special  clinic  resources  and  the  unique  rela- 
tionships with  the  local  population  which  clinics  will  have  as  a  result  of 
their  prevalence  endeavors.  For  similar  reasons  it  is  planned  to  initiate  a 
collaborative  cord  blood  study  in  July  1974. 

Following  the  strong  recommendations  of  the  Epidemiology  Advisory  Group  con- 
sideration is  currently  being  given  to  the  selection  of  efficient  and  econom- 
ical methods  of  prospective  follow-up  of  some  or  all  subjects  identified  in 
prevalence  studies  to  provide  additional  national  history  data. 

A  major  concern  of  the  Program  Office  is  the  imbalance  which  is  developing 
within  the  program  in  the  proportion  of  collaborative  to  investigator- 
initiated  specific  research.  The  exploitation  of  the  special  resources  which 
the  clinics  command  (investigator  competence,  standardized  facilities,  special 
well-characterized  populations)  and  the  maintenance  of  investigator  enthusiasm 
over  the  prolonged  period  of  clinical  trials  make  it  mandatory  that  special 
consideration  be  given  to  redress  the  balance. 

Although  Lipid  Metabolism  Branch  plans  were  approved  to  issue  request  for 
proposals  for  development  of  Animal  Models  of  Dyslipoproteinemia   and  for 
Studies  of  Cholesterol  Absorption  in  Man,  it  was  unable  to  implement  these 
due  to  fiscal  constraints.  The  Branch  is  eager  to  proceed  with  these  and  to 
develop  other  programs  consonant  with  its  role. 
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LIPID  RESEARCH  CLINICS 

This  subprogram  supolements  and  extends  current  research  efforts  by 
providing  support  for  a  broad  collaborative  clinical  study  directly 
related  to  improving  the  diagnosis  and  management  of  hyperliDOoroteinemia, 
determining  its  prevalence  and  establishing  further  opportunities  for 
research  into  its  causes  and  treatment  and  the  effect  of  this  treatment  on 
premature  atherosclerosis. 

In  June,  1971,  six  Lipid  Research  Clinics  were  funded  after  review 
from  the  32  proposals  received  in  response  to  RFP-NHLI-71-2  (Lipid 
Research  Clinics).  Six  additional  clinics  were  funded  in  June,  1972 
and  a  seventh  in  November  1973  after  review  of  the  30  proposals  received  in 
response  to  RFP-NHLI-72-1  (additional  Lipid  Research  Clinics).  The  new 
series  of  clinics  have  integrated  well  into  the  administrative  and 
collaborative  research  structure  established  during  the  first  year  of 
operation  of  the  original  series. 

Achievements  over  the  last  year  include: 

1.  Core  Lipid  Laboratory  Standardization.  Well  standardized  core 
lipid  laboratories  using  identical  methods  are  a  orereauisite  for 
the  collection  of  accurate  and  ooolable  data  in  the  Lioid  Clinics' 
collaborative  study  of  the  prevalence  of  hyperlipoproteinemia  in  a 
variety  of  populations,  and  for  the  imolementation  of  its  multi- 
centered  clinical  trial. 

The  first  series  of  clinics  commenced  by  using  AAI  methodology  to 
determine  plasma  and  lipoprotein  cholesterol  and  triglycerides  levels. 
A  detailed  description  of  AAI  methodology  was  written  for  the  Laboratory 
Methods  Manual  portion  of  the  Lipid  Clinic  Manual  of  Operations. 

The  Lipid  Research  Clinic  Program,  in  conjunction  with  the  Lipid 
Standardization  Laboratory  at  CDC,  Atlanta,  developed  a  demanding 
multiphased  standardization  program  for  cholesterol  and  triglyceride 
determinations.  All  five  of  the  clinics  using  AAI  methodology  have  now 
achieved  standardization  and  have  entered  the  third  phase  (surveillance) 
during  which  they  are  permitted  to  report  lipid  data  to  the  Central 
Patient  Registry.  An  extraordinary  high  degree  of  precision  and 
accuracy  has  been  achieved  for  the  lipid  determinations  setting  a 
precedent  for  much  needed  standardization  of  plasma  lipid  determination 
both  for  national  research  orogram  purposes  and  for  the  community  as  a 
whole. 

For  the  second  group  of  Lipid  Research  Clinics  it  was  elected  to 
evaluate,  modify  and  ultimately  adopt  the  recentlv  introduced  Technicon 
AAII  system  for  simultaneous  cholesterol  and  triglyceride  determinations. 
Attractive  features  of  this  system  are  its  ability  to  handle  a  larger 
volume  of  samples  per  unit  time  at  lesser  reagent  cost  and  its 
automatic  data  printout.  Initial  trials  demonstrated  a  gratifving 
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degree  of  precision  for  cholesterol  determination  but  a  systematic 
deviation  of  the  values  when  compared  to  the  "standard"  nosed  a 
problem.  Fortunately,  this  deviation  proved  to  be  linear  over  the 
entire  cholesterol  range  and  was  found  to  be  corrected  for  by  use 
of  a  single  serum  calibrator  (Sercal).  The  use  of  the  Sercal  has 
been  adopted  by  the  clinics;  three  of  the  six  new  clinics  have 
successfully  completed  standardization  and  the  others  have  entered 
phase  II.  All  of  the  older  clinics  are  also  now  setting  uo  the 
AAII  methods  and  standardizing  on  them. 

2.  Prevalence  Studies.  Lipid  Research  Clinic  procedures  require 
that  all  clinics  submit  their  proposed  studies  to  the  Epidemiology 
Advisory  Committee  of  the  Program  for  review  and  approval,  the  latter 
being  one  of  the  requirements  for  initiation  of  the  study.  All 
clinics  have  now  received  this  approval.  The  populations  to  be 
studied  are  diverse,  covering  wide  ethnic,  socio-economic  and  age 
ranges  and  should  be  representative  of  a  considerable  section  of 
the  U.S.  population.  An  extensive  standardization  program  has  been 
set  up  for  the  prevalence  studies.  All  studies  are  conducted 
according  to  a  common  protocol  embodied  in  the  Lipid  Clinic  Manual 
of  Operations,  together  with  comprehensive  interviewer  instructions. 
Any  local  additions  to  the  study  must  be  approved  by  the  Epidemiology 
Advisory  Panel  as  not  threatening  the  collection  of  the  collaborative 
data.  Training  sessions  have  been  held  for  interviewers,  and  prior 
to  initiation  of  each  study  Program  Office  and  Central  Patient 
Registry  representatives  visit  each  clinic  to  conduct  visit  1  and 
visit  2  interviewer  training  sessions.  A  Lioid  Clinic  Xanthoma 
Manual  has  been  prepared  and  circulated  to  all  clinics.  To 
standardize  blood  pressure  readings  the  program  has  adopted  the  use 
of  random  zero  sphygmomanometers. 

Pretrials  of  prevalence  procedures  have  been  carried  out  at  several 
clinics.  All  clinics  are  required  to  conduct  visit  1  on  a  random 
sample  of  the  population  to  provide  lioid  distributions  within  their 
group.  These  are  then  used  to  determine  those  subjects  to  be 
recalled  to  visit  2. 

The  initiation  of  visit  1  and  visit  2  procedures  requires 
standardization  of  the  core  lioid  lab,  approval  of  the  population 
selected  for  the  prevalence  study  by  the  Epidemiology  Advisory  Panel, 
certification  of  exercise  laboratory  procedures  and  technicians, 
interviewer  training  sessions  and  completion  of  a  contract  for 
secondary  tests  with  an  outside  laboratory.  All  five  original 
clinics  have  met  their  requirements  and  have  initiated  their  prevalence 
studies.  Data  is  now  being  reported  by  them  to  the  Central  Patient 
Registry  and  Central  Exercise  Laboratory.  Pre-trials  have  been 
initiated  at  several  of  the  new  clinics,  and  actual  prevalence 
studies  are  scheduled  to  commence  shortly.  A  system  of  monitoring 
prevalence  studies  with  respect  to  participation  rates  and  related 
measurements  is  under  development. 
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During  the  past  year  the  Prevalence  Committee  of  the  Proaram  was 
activated  and  now  meets  regularly.  Its  Executive  Committee  is 
composed  of  members  of  the  original  Eoidemiology  Advisory  Panel 
and  rotating  members  derived  from  the  Lipid  Clinics. 

3.  The  Type  II  Coronary  Primary  Prevention  Trial.  During  this  year 
plans  for  the  Lipid  Research  Clinics'  Tyoe  II  Coronary  Primary 
Prevention  Trial  were  finalized.  As  a  result  of  these  efforts  the 
first  study  subjects  will  be  seen  in  July  1973.  The  following  major 
events  and"  miles  tones  occurred  during  the  oast  year  to  enable  the 
study  to  begin  on  schedule. 

After  consultation,  committee  work,  and  development  the  final  study 
protocol  was  unanimously  approved  by  the  Lipid  Research  Clinic 
Directorate  in  November  1972.  The  design  is  that  of  a  centrally 
coordinated  randomized  double-blind  trial  to  test  the  hypothesis  that 
cholesterol  reduction  will  produce  a  significant  decrease  in  Coronary 
Heart  Disease  rate.  The  major  elements  of  the  study  are: 

a.  Prospective  controlled  primary  prevention  trial  of  diet 
and  bile  acid  sequestrant  vs.  diet  and  placebo. 

b.  3,600  men  aged  35-59  with  primary  Type  II  hyperlipo- 
proteinemia, 

c.  Asymptomatic,  nondiabetic  subjects  without  significant 
hypertension. 

d.  Projected  duration  -  7  years. 

e.  Endpoints  for  the  study  are  coronary  death  and  non-fatal 
myocardial  infarction,  though  other  data  will  be  obtained 
during  the  study. 

The  study  diet  contains  400  mg  cholesterol  per  day  and  has  an 
approximate  ratio  of  polyunsaturated  to  saturated  fats  of  1.0.  The 
composition  is  not  unlike  the  "prudent"  diet  of  the  American 
Heart  Association.  It  is  designed  to  produce  a  long  term  decrease 
in  serum  cholesterol  of  3-5%.  Cholestyramine  was  selected  as  the 
bile  acid  sequestrant  to  be  used  and  arrangements  for  purchase 
labeling  and  distribution  are  in  a  near  final  stage.  The  drug  will  be 
provided  by  Mead  Johnson  at  a  substantial  orice  reduction. 

After  extensive  committee  and  staff  work  the  forms  for  the  study  were 
finalized  by  the  Directorate  in  April,  1973.  The  Office  of  Management 
and  Budget  accepted  these  forms  and  gave  clearance  for  the  study  in  May. 

A  Safety  and  Data  Monitoring  Board  consisting  of  five  outside  experts 
in  the  field  of  statistics,  epidemiology,  cardiology,  atherosclerosis 
and  lipid  metabolism  has  been  constituted.  This  group  will  oversee 
subject  recruitment  and  monitor  blinded  endpoint  and  toxicity  data. 
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Finally,  plans  for  increased  local  staffing,  standardization  of 
procedures  and  subject  recruitment  are  being  made  to  insure  a 
July  1973  start  date. 

RFP-NHLI-73-9,  for  a  Central  Clinical  Chemistry  Laboratory  for  the 
Lipid  Research  Clinic  Intervention  Trial  was  issued  in  November  1972. 
This  laboratory  will  perform  the  baseline,  follow-up  and  toxicity 
tests  for  the  Lipid  Research  Clinics  clinical  trial. 

The  proposals  were  reviewed  by  an  ad  hoc  extramural  committee  of  13 
experts  in  the  fields  of  clinical  chemistry,  clinical  pharmacology, 
epidemiology,  bi ©statistics  and  data  processing.  Several  laboratories 
were  site  visited  and  one  has  been  recommended  for  funding  pending 
negotiation. 

4.  Nutrition.  The  nutritional  component  of  Lipid  Research  Clinic 
collaborative  studies  has  been  involved  in  organizing  and  standardizing 
dietary  methodology  and  orocedures  with  guidance  from  a  Nutrition 
Committee  represented  by  dietitians  from  each  clinic,  the  Central 
Patient  Registry  and  the  Program  Office. 

At  present,  nutritional  data  is  being  collected  by  dietitians  at 
visit  2  in  the  Prevalence  studies  by  means  of  a  One  Day  Recall (or 
record  in  children  under  6).  This  data  is  coded  by  the  dietitian  and 
will  be  keypunched  and  comnuterized  bv  the  Central  Patient  Registry 
in  order  to  look  at  specific  nutrients,  (calories,  orotein,  fat, 
carbohydrate,  major  fatty  acids  and  cholesterol)  in  the  total 
population  surveyed  by  each  of  the  clinics  and  in  specific  subgrouos 
such  as  those  with  different  types  of  hyperlipooroteinemia. 

The  dietitians  will  also  have  a  significant  role  in  the  Type  II 
Coronary  Prevention  Study;  in  establishing  "baseline  and  subseauent 
diet"  data,  by  providing  instruction  and  counseling  to  the  subject 
and  his  spouse  in  the  study  diet,  to  check  adherence  and  to  enhance 
motivation. 

A  central  food  table  developed  by  the  Program  Office  is  the  core  of  the 
data  program  for  computerizing  dietary  data  from  the  clinics. 
Standardized  procedures  have  been  developed  for  interviewing  subjects 
and  coding  dietary  recalls.  Dietitians  from  each  clinic  attend 
training  sessions  conducted  by  the  Program  Office  and  the  Central 
Patient  Registry.  A  standard  coding  notebook  containing  the 
collaborative  food  table  specific  coding  rules,  a  cookbook  reference 
list,  and  a  standard  set  of  manufacturers'  data  has  been  developed 
for  each  dietitian.  A  certification  process,  monitored  by  the  Program 
Office,  has  been  established  to  insure  quality  and  standardization 
in  diet  coding  within  and  between  clinics. 

Nutritional  forms  for  the  clinical  trial  are  in  the  orefinalization 
stage.  Accompanying  aids  including  a  teaching  manual  for  the  studv 
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diet,  a  shoppers  guide,  the  study  diet  pamphlets,  and  diet  teaching 
slides  will  be  ready  by  June  1.  Manuals  of  Dietary  Procedures  for 
the  Prevalence  study  and  clinical  trial  have  been  develooed. 

Maintaining  standardization  will  be  an  ongoing  process.  Additional 
training  session  for  new  dietitians  will  be  orovided.  The  Program 
Office  will  be  responsible  for  uodating  the  coding  notebook,  food 
table  and  manufacturers'  data  and  will  provide  surveillance  and 
monitoring.  To  maintain  the  nutritional  objectives  of  the  Program, 
it  has  been  calculated  that  there  will  be  a  need  for  three 
dietitians  oer  clinic  when  both  prevalence  and  the  clinical  trial 
are  active. 

The  Lipid  Clinics  and  the  MRFIT  and  SCOR  nrograms  of  the  NHLI  have 
expressed  concern  that  the  present  knowledge  of  food  comoosition  is 
inadequate  to  permit  a  full  evaluation  of  specific  nutrition  studies. 
The  Lipid  Metabolism  .Branch  with  the  support  of  the  Director  of  NHLI 
has  taken  the  initiative  to  pursue  the  possibility  of  obtaining 
additional  food  analysis  data  in  cooperation  with  the  USDA  and  FDA 
who  both  possess  expertise  in  this  area.  Action  plans  for  collaboration 
were  discussed  at  the  February  28  and  April  24  meetings  with 
representatives  from  each  of  the  three  agencies.  Additional  food 
analysis  data  may  not  be  practical  in  terms  of  present  budget 
limitations,  however  interaction  and  communication  with  FDA  and  USDA 
will  continue.  It  is  expected  that  this  will,  at  the  least,  provide 
early  access  to  data  analysis  produced  by  these  agencies. 

5.  Collaborative  Cord  Blood  Study.  The  Pediatrics  and  Genetics 
Committee  of  the  Lipid  Research  Clinics  program  has  been  active  over 
the  past  year.  It  has  identified  as  a  major  objective  the  performance 
of  a  collaborative  cord  blood  study  to  determine  the  utility  of  cord 
blood  lipid  screening  for  identification  of  subjects  with  familial 
type  II  hyperlipoproteinemia.  Sample  size  requirements  have  been 
estimated,  alternative  study  designs  evolved  and  maternal,  paternal 
and  fetal  data  collection  forms  generated.  Limitations  in  funding 
and  logistical  considerations  concerning  the  implementation  of  a 
further  large-scale  study  in  clinics  already  involved  in  onaoina 
prevalence  studies  and  in  the  initiation  of  the  clinical  trial  have 
led  to  the  postponement  of  the  activation  of  the  cord  blood  study.  The 
Committee  will  continue  to  develop  the  protocol  over  the  next  vear 
with  a  view  to  commencing  the  study  in  July,  1974. 

The  12  Lipid  Research  Clinics  are: 

Baylor  College  of  Medicine 

Houston,  Texas 

Contract  No.  NIH-71-2156 

Principal  Investigator:  Antonio  Gotto,  Jr.,  M.D. 

Contract  Amount:  $500,490  (6-28-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 
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University  of  California,  San  Diego 

La  Jolla,  California 

Contract  No.  NIH-71-2160 

Principal   Investigator:     Daniel  Steinberg,  M.D. 

Contract  Amount;     $418,406  (6-28-72  -  6-14-73) 

Projected  Funding:  5-8  Years   (With  Annual  Review  and  Renewal) 

Johns  Hopkins  University 

Baltimore,  Maryland 

Contract  No.  NIH-71-2158 

Principal   Investigator:     Peter  Kwiterovich,  M.D. 

Contract  Amount:  $468,970  (6-13-72  -  6-14-73) 

Projected  Funding:  5-8  Years  (With  Annual  Review  and  Renewal) 

Lei  and  Stanford  Junior  University 

Palo  Alto,  California 

Contract  No.  NIH-71-2161 

Principal  Investigator:  John  Farquhar,  M.D. 

Contract  Amount:  $490,798  (6-21-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

University  of  Washington 

Seattle,  Washington 

Contract  No.  NIH-71-2157 

Principal  Investiaator:  Edwin  Bierman,  M.D. 

Contract  Amount:  |441,140  (6-23-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

George  Washington  University 

Washington,  D.C. 

Contract  No.  NIH-73-2931 

Princioal  Investigator:  John  LaRosa,  M.D. 

Contract  Amount:  $269,054  (11-15-72  -  6-14-73) 

Projected  Funding:  5-8  Years  (With  Annual  Review  and  Renewal) 

Oklahoma  Medical  Research  Foundation 

Oklahoma  Citv,  Oklahoma 

Contract  No.  NIH-72-2932 

Principal  Investigator:  Reagan  Bradford,  M.D. 

Contract  Amount:  $429,955  (6-15-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

University  of  Cincinnati 

Cincinnati ,  Ohio 

Contract  No.  NIH-72-2914 

Principal  Investigator:  Charles  Glueck,  M.D. 

Contract  Amount:  $470,000  (6-15-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 
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University  of  Iowa 

Iowa  City,  Iowa 

Contract  No.  NIH-72-2913 

Principal  Investigator:  William  E.  Connor,  M.D. 

Contract  Amount:  $477,000  (6-15-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

University  of  Minnesota 

Minneapolis,  Minnesota 

Contract  No.  NIH-72-2915 

Principal  Investigator:  Ivan  Frantz,  M.D. 

Contract  Amount:  $488,155  (6-15-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

University  of  Toronto 
Toronto,  Canada 
.  Contract  No.  NIH-72-2917 

Principal  Investigator:  J.  Alick  Little,  M.D. 
Contract  Amount:  $476,740  (6-15-72  -  6-14-73) 
Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

Washington  University 

St.  Louis,  Missouri 

Contract  No.  NIH-72-2916 

Principal  Investigator:  David  Kionis,  M.D. 

Contract  Amount:  $470,000  (6-15-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

The  Central  Exercise  Laboratory  of  the  Lipid  Research  Clinics  is 
located  at  the  University  of  Alabama  in  Birmingham  under  the  director- 
ship of  Dr.  L.T.  Sheffield.  Its  function  is  to  receive  and  analyze 
resting  and  exercise  ECG  data  which  has  been  recorded  in  a  completely 
standardized  manner  in  each  of  the  Lipid  Research  Clinics  as  part  of 
the  collaborative  prevalence  study  and  clinical  trial  requirements; 
to  transmit  the  analytical  results  to  the  Central  Patient  Registry 
and  the  Lipid  Research  Clinics,  and  to  cooperate  with  the  other 
participants  in  the  Lipid  Project  in  defining  the  significance  of  the 
accumulated  data. 

To  accomplish  these  goals  the  Central  Exercise  Laboratory  has  adapted 
exercise  ECG  test  methods  to  Lipid  Research  Clinics'  requirements;  it 
has  provided  guidance  in  the  selection  of  equipment  and  training  of 
clinic  technicians.  Two  one-week  training  sessions  for  exercise 
technicians  were  held  at  the  Central  Exercise  Laboratory;  it  designed 
a  computer  based  analytical  system;  established  a  visual  coding 
system  of  electrocardiograms  and  has  cooperated  in  setting  un  guidelines 
for  the  transmission  of  data. 

Other  activities  of  the  Central  Exercise  Laboratory  over  the  nast  year 
have  included  completion  of  the  programs  and  other  software  needed  for 
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the  computer  analysis  of  stress  EKG's,  acquisition  of  the  necessary 
hardware;  development  of  a  firmly  standardized  table  of  indications 
for  excluding  patients  from  exercise  stress  testing  and  for 
discontinuing  exercise,  (this  in  cooperation  with  the  Cardiovascular 
Endpoints  Committee)  and  establishment  of  criteria  for  certifying 
technicians  for  proficiency  in  following  the  exercise  protocol  and 
obtaining  records  of  satisfactory  quality. 

To  date,  seven  Lipid  Research  Clinics  have  been  certified  to  transmit 
stress  EKG  data  to  the  Central  Exercise  Laboratory  and  the  other  five 
are  in  the  process  of  becoming  certified.  The  Central  Exercise 
Laboratory  has  begun  the  computer  analysis  and  visual  coding  of 
stress  EKG's  obtained  on  prevalence  study  patients. 

University  of  Alabama 

Birmingham,  Alabama 

Contract  No.  NIH-71-2159 

Principal  Investigator:  Thomas  Sheffield,  M.D. 

Contract  Amount:  $104,810  (6-22-72  -  6-14-73) 

Projected  Funding:  5-8  years  (With  Annual  Review  and  Renewal) 

The  Central  Patient  Registry  and  Coordinating  Center  was  funded  at  the 
University  of  North  Carolina,  Chapel  Hill,  North  Carolina,  in  late 
June,  1971  (in  response  to  RFP-NHLI-71-17)  to  helo  plan  and  design 
all  reporting  forms,  collect,  edit,  monitor,  and  store  all  data,  and 
help  coordinate  the  collaborative  program  of  the  Lipid  Research  Clinics. 

The  objectives  of  the  Central  Patient  Registry  include: 

a.  The  acquisition,  analysis,  and  storage  of  data  on  hyperlipo- 
proteinemia prevalence  especially  among  young  age  groups 
with  special  emphasis  on  the  nature  and  frequency  of  genetic 
forms. 

b.  Acquisition,  analysis  and  storage  of  data  on  the  prevalence 
and  incidence  of  atherosclerosis  in  the  different  tvnes  of 
hyperl i  poprotei  nemi  a . 

c.  Study  of  the  natural  history  of  subjects  with  hyperlipoprotein- 
emia, especially  the  familial  types. 

It  has  the  responsibility  of  establishing  a  Patient  Registry  and 
Coordinating  Center  for  the  Lipid  Research  Clinics  which  will  serve 
as  1)  Central  Patient  Registry  for  all  patients  with  hyperlipoproteinemia 
discovered  by  the  Lipid  Research  Clinics;  2)  Coordinating  Center  for 
collaborative  clinical  trials  of  hypolipidemic  agents;  3)  Central 
Laboratory  monitor. 

The  operational  objectives  of  the  Central  Patient  Registry  include 

a.  maintenance  and  supervision  of  an  internal  and  external  quality 
control  surveillance  program  for  the  Lipid  Research  Clinics. 
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b.  Standardization  of  new  Lipid  Research  Clinics  according  to 
established  procedures  of  data  collection  and  preparation. 

c.  Assistance  and  guidance  for  new  Lipid  Research  Clinics  in  the 
development  of  prevalence  studies  and  for  existing  clinics  in 
data  analysis  for  ongoing  prevalence  studies. 

d.  Development  of  more  detailed  plans  for  intervention  studies, 
including  the  development  of  study  specifications  and  standard- 
ization of  procedures,  randomization  techniques,  monitoring  for 
patient  safety,  data  quality  and  compliance. 

e.  Provision  of  progress  reoorts  for  the  Linid  Research  Clinics  and 
the  Program  Office  summarizing  the  amount  of  screening  and  the 
quality  of  the  work  submitted. 

f.  Assistance  in  the  evaluation  of  quality  control  for  exercise 
stress  testing  and  laboratory  determinations  of  "secondary  tests'.' 

g.  Development  and  evaluation  of  statistical  methods  and  data 
management  techniques  useful  in  the  handling  of  various  data  for 
linkage  problems. 

h.  Maintenance  of  an  operational  Central  Patient  Registry  to  collect 
data  on  disease  prevalence,  disease  incidence,  and  patient 
characteristics  in  specific  types  of  hyperlipoproteinemia. 

Considerable  progress  has  been  reached  in  the  past  year  towards  meeting 
these  objectives,  some  of  which  have  been  achieved.  The  Central 
Patient  Registry  has  collaborated  with  the  Lipid  Standardization 
Laboratory,  CDC,  in  the  reception  and  analysis  of  core  lipid  laboratory 
standardization  data  and  has  provided  a  formal  analysis  of  successful 
Lipid  Research  Clinic  trial  of  the  use  of  a  serum  calibrator  to 
correct  for  systematic  deviation  of  AAII  cholesterol  values  oer  Abell- 
Kendall  values. 

It  has  been  extremely  active  in  assisting  new  clinics  in  developing 
and  implementing  prevalence  studies  especially  in  the  training  of 
interviewers  and  the  conduct  of  pretrials. 

The  Central  Patient  Registry  has  liaised  closely  with  the  Program 
Office  in  the  development  of  intervention  studv  protocols,  procedures 
and  forms.  Pre-  and  post  randomization  procedures  have  been 
established.  Systems  for  continuous  monitoring  of  the  trial  are  being 
developed  internally. 

A  bi-weekly  progress  report  is  submitted  to  the  Program  Office  and  a 
series  of  regular  data  evaluation  meetings  have  been  initiated  between 
the  Registry  and  the  Program  Office.  Telecopier  links  have  been  estab- 
lished with  the  Program  Office  and  the  Central  Exercise  Laboratory. 
Liaison  has  also  been  established  between  the  Central  Patient  Registry 
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and  the  Central  Exercise  Laboratory  in  connection  with  the  development  of 
exercise  test  protocols  and  reporting  forms  and  the  transmission  of  computer- 
and  visual-analyzed  exercise  data  from  the  Exercise  Laboratory  to  the 
Registry. 


University  of  North  Carolina 

Chapel  Hill,  North  Carolina 

Contract  No.  NIH-71-2243 

Principal  Investigator:  James  E.  Grizzle,  Ph.D.  t 

Contract  Amount:  $495,611  (6/28/72  -  6/13/73)  V 

Projected  Funding:  5-8  Years  (With  Annual  Review  and  Renewal) 

PUBLICATIONS  ■ 

LEVY,  R.I.  and  RIFKIND,  B.M.;  Diagnosis  and  Management  of  Hyperlipo- 
proteinemia in  Infants  and  Children.  Amer.  J.  Cardiol.,  31,  547-556,  1973. 

RIFKIND,  B.M.  (ed.)  Disorders  of  Lipid  Metabolism  Clinics  in  Endocrinology 
and  Metabolism,  London,  Saunders,  1973,  151  pp. 

RIFKIND,  B.M.:  Lipoproteins  and  Hyperl ipoproteinaemia.   In  RIFKIND,  B.M. (Ed.), 
Disorders  of  Lipid  Metabolism,  Clinics  in  Endocrinology  and  Metabolism, 
London,  Saunders,  1973,  pp  3-10. 

LEVY,  R.I.  and  ERNST,  N.D.;  Diet,  Hyperl ipidemia  and  Atherosclerosis. 
Chapter  31  in  Modern  Nutrition  in  Health  and  Disease  edited  by  Drs.  Goodhart 
and  Shils,  Phila.,  Lea  and  Febiger,  1972. 
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ANNUAL  REPORT  from  the  Associate  Director  for  Etiology  of  Arteriosclerosis 
and  Hypertension: 

An  administrative  unit  encompassing  the  etiology  and  pathogenesis  of 
arteriosclerosis  and  hypertension  was  formed  from  preexisting  operations  in 
this  fiscal  year.  At  present  it  includes  subject  relevant  grants  including 
program  projects  and  specialized  centers  of  research  in  both  areas.  Some 
previously  included  grants  are  being  transferred  to  other  programs  of  the 
Institute,  particularly  in  the  area  of  coronary  heart  disease. 

At  present,  the  unit  does  not  utilize  contracts  as  support  devices. 
However,  it  is  the  intention  to  utilize  contracts  in  the  near  future 
particulary  in  the  areas  of  animal  model  resources,  stable  isotope  resources 
and  instrumentation  for  arteriosclerotic  plaque  detection. 

The  present  staff  is  barely  coping  with  current  work.  The  important 
component  of  staff  liaison  with  and  awareness  of  appropriate  elements  of 
the  scientific  community  and  their  research  is  beginning  to  suffer.  It 
is  not  likely  that  contract  support  mechanisms  can  be  activated  without 
a  further  deterioration  of  function. 
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Atherogenesis  Branch: 

The  program  activities  of  this  branch  include  support  of  research  on 
arteriosclerosis,  lipid  metabolism,  cerebrovascular  disease,  disorders 
of  vascular  connective  tissue,  and  aging  reflected  in  cardiovascular 
disease.  Total  funds  available  to  the  branch  were  $18,470,610. 

This  past  year  has  seen  the  maturation  of  13  Specialized  Centers  of 
Research  in  Arteriosclerosis  and  their  second  year  of  research  program 
development,  as  well  as  the  initiation  of  two  additional  Centers,  at  a 
total  funding  of  $8,078,582  direct  costs. 

Table  I  indicates  the  number  of  grants  by  category  and  their  dollar  value 
as  supported  during  FY  '73. 

TABLE  I 

Number  of  Grants  Funds 


Atherogenic 
Diseases 258 $18,470,610 

Arteriosclerosis  64  3,565,972 

Fundamental  research  68  2,663,499 

Coronary  Heart  Disease  57  2,560,425 

Peripheral  vascular  26  1,057,788 

Cerebrovascular  14  376,324 

Connective  Tissue 

and  Collagen  6  169,020 


Important  research  findings  have  emerged  on  lipid-protein  binding 

by  plasma  lipoproteins;  in  vivo  metabolism  of  lipoproteins; 

cholesterol  metabolism  and  regression  of  atherosclerotic 

lesions;  pediatric  prevalence  and  incidence  of  hyperlipidemia;  intravascular 

coagulation. . .fibrinolysis. . .and  thrombosis  in  hyperlipidemia;  and 

diagnostic  instrumentation. 

Determinants  of  lipid-protein  binding  by  the  plasma  lipoproteins.  The  two 
major  apolipoprotein  components  of  human  high  density  lipoprotein  (HDL), 
apo  LP-Gln  I  and  apo  LP-Gln  II,  have  been  separated  and  isolated  in  pure 
form.  Apo  LP-Gln  II  exists  as  a  dimer  of  two  indentical  subunits,  each 
containing  77  amino  acid  residues  and  linked  by  a  single  disulfide  bond. 
The  subunit  contains  one  methionine  at  residue  26.  Apo  LP-Gln  I  is  the 
major  protein  of  HDL  and  has  a  molecular  weight  of  approximately  28,000. 
This  protein  contains  three  methionine  residues. 
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study  of  the  lipid  binding  properties  of  apo  LP  Ala  from  very   low  density 
lipoprotein  (VLDL)  indicated  that,  in  the  lipid-free  state,  this  protein 
is  primarily  disordered  but  that  reconstitution  with  phosphatidyl  choline 
causes  it  to  shift  to  an  alpha  helix  structure.  The  strong  lipid  binding 
portion  of  the  protein  seems  to  be  on  residues  41-79,  possibly  localized 
to  41-55. 

The  apolipoprotein  activation  of  lecithin  cholesterol  acyl  transferase 
(LCAT)  appears  to  be  related  to  the  structure  of  the  fatty  acyl  component 
and  consequently  to  the  physical  state  of  the  lipid  substrate. 

Metabolism  of  lipoproteins  in  vivo.  Studies  of  the  anatomic  site(s)  of  the 
extravascular  low  density  lipoproteins  (LDL)  pool  in  pigs  and  dogs 
indicate  that  the  predominant  or  exclusive  origin  of  this  pool  is  the 
■.iver.  It  is  postulated  that  some  specific  hepatic  dysfunction  could  under- 
lie hyperlipoproteinemia  of  Type  Ila.  The  process  of  conversion  of  very 
low  density  lipoprotein  (VLDL)  to  LDL  appears  to  be  complex.  VLDL  contains 
a  number  of  distinct  apoproteins  while  LDL  apparently  contains  only  one  of 
these.  The  accelerated  conversion  of  VLDL  to  LDL  under  the  influence  of 
heparin  is  accompanied  by  the  release  into  the  plasma  compartment  of  several 
different  enzymes.  These  include  lipoprotein  lipase  from  adipose  tissue, 
lipoprotein  lipase  from  heart  and  peripheral  tissues,  a  lipase  from  liver, 
phospholipase  activity,  and  lower  glyceride  lipase  activity.  To  what  extent 
and  how  these  several  enzymes  are  involved  in  the  clearance  of  VLDL  remains 
to  be  determined,  but  in  the  conversion  to  LDL,  a  large  fraction  of  the 
molecule  is  "lost."  This  includes  some  of  the  apoporteins  as  well  as 
the  majority  of  the  triglyceride  component. 

Studies  of  the  distribution  of  plasma  lipoprotein  cholesterol  after 
cholesterol  feeding  in  baboons  and  macaques  indicate  that  a  major  sub- 
fraction  of  LDL  is  the  major  transport  form  for  cholesterol  in  hyper- 
cholesterolemia. 

Cholesterol  metabolism  and  regression  of  atherosclerotic  lesions.  Recent 
studies  of  metabolic  handling  of  cholesterol  indicate  that  a  three-pool 
model  provides  a  better  explanation  of  the  40-50  week  C^4  cholesterol 
turnover  curve  than  the  two-pool  model  previously  used  to  describe  the 
plasma  disappearance  over  a  12  week  interval.  A  striking  constancy  was 
found  in  parameters  of  cholesterol  metabolism  of  four  normal  subjects 
studied  from  year  to  year  in  that  the  synthesis  was  particularly 
consistant  with  a  standard  deviation  of  only  3%.  These  findings  suggest 
that  total  body  cholesterol  is  under  close  and  integrated  homeostatic 
control.  In  severely  atheromatous  human  arteries,  cholesterol  equilibrium 
is  slow  and  it  appears  that  such  arterial  cholesterol  is  a  component  of  a 
rather  static  pool.  Studies  in  monkeys  suggest  that  rapid  regression  of 
advanced  lesions  is  not  promising.  However,  atherosclerosis  can  be 
reversed  in  some  monkeys  when  the  blood  cholesterol  is  reduced  to  and 
maintained  at  about  130%  for  18  months.  A  low  fat,  low  cholesterol 
diet  exerts  a  positive  effect  on  the  reversal  of  a  particular  experimental 
type  of  advanced  complicated  atherosclerotic  lesion  (fibrous  and  fatty) 
induced  by  diet  in  Rhesus  monkeys.  The  connective  tissue  as  well  as  the 
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lipid  seems  to  decrease  dnd  the  relatively  small  amount  of  lipid  remaining 
seems  to  be  associated  with  elastin.  Since  most  previous  workers  have 
considered  fibrosis  to  be  relatively  irreversible,  especially  when  it 
becomes  severe,  these  preliminary  experiments  may  have  important  implications 
for  long  term  human  disease  treatment  by  diet  with  or  without  drug  therapy. 

The  action  of  Colestipol,  a  new  bile  sequestering  agent  developed  by  Upjohn, 
has  been  studied  with  regard  to  its  effects  on  cholesterol  metabolism. 
While  the  drug  produced  a  mean  decrease  of  21%  serum  cholesterol  con- 
centration, the  resin  did  produce  a  mean  increase  of  85%  in  the  cholesterol 
production  rate.  Further  studies  are  required  to  assess  the 
benefit  of  the  drug. 

Pediatric  studies.  In  the  pediatric  area,  preliminary  results  have  been 
reported  from  one  major  study  on  the  prevalence  and  incidence  of  hyperlipid- 
emia  and  other  coronary  risk  factors  in  children.  To  date  4829  children 
have  had  measurements  of  serum  cholesterol  and  triglyceride  levels,  seated 
blood  pressure,  height,  weight,  and  skin  fold  thickness.  Serum  cholesterols 
of  both  boys  and  girls  had  a  Gaussian  distribution  and  there  was  no 
difference  between  the  cholesterol  of  boys  and  girls.  There  was  little 
difference  in  levels  from  6  through  18  years.  The  mean  serum  cholesterol 
was  181  mg%  (S.D.+  29)  for  these  children.  Approximately  5%  had  levels  in 
excess  of  230  mg%,  3%  exceeded  240  mg%  and  1%  exceeded  260  mg%.  About 
15%  of  both  sexes  had  non-fasting  triglycerides  in  excess  of  140  mg%. 

Intravascular  coagulation,  fibrinolysis  and  thrombosis  in  hyperlipidemia. 
Patients  with  familial  hyperlipoproteinemia  Type  II  have  been  compared  with 
normal  subjects,  atherosclerotic  subjects  with  normal  plasma  lipids,  and 
Type  IV  patients  in  terms  of  coagulation  and  thrombosis  behavior.  In 
nearly  all  cases.  Type  II  patients  have  shown  increased  in  vitro  sensitivity 
of  platelets  to  physiological  activating  stimuli  and  increased  platelet 
nucleotide  release,  compared  with  the  other  three  classes  of  patients. 
Coagulation  studies,  likewise,  have  suggested  that  Type  II  patients  have  a 
higher  incidence  of  intravascular  clotting.  Because  of  experimental 
evidence  that  platelet  behavior  is  modified  by  clofibrate,  and  the  epid- 
emiological implications  that  clofibrate  may  decrease  the  incidence  of 
myocardial  infarction,  this  drug  has  been  studied  in  vitro  and  in  vivo. 
Results  reported  indicate  that  clofibrate  reduces  abnormal  platelet 
sensitivity  towards  normal  in  both  situations,  and  this  might  consititute 
a  mechanism  for  its  apparent  beneficial  action  in  patients  with  hyperlipid- 
emia and/or  atherosclerosis. 

Diagnostic  instrumentation.  Progress  in  instrumentation  continues  in 
several  laboratories,  e.g.  image  enhancement  techniques  and  analysis 
now  make  it  possible  to  locate  femoral  lesions  if  they  are  at  least  200 
microns  thick;  also  computer  derived  measurements  of  vessel  edge  irregular- 
ity checked  in  autopsied  coronary  arteries  and  bifurcation  of  the  aorta 
are  significantly  correlated  with  atheroma  prevalence  as  well  as  total 
cholesterol  content. 
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Hypertension  and  Kidney  Diseases  Branch: 

The  increased  national  consciousness  concerning  the  hypertension 
problem  has  not  yet  been  reflected  in  the  research  grant  volume. 
The  Branch  supported  135  grants  on  hypertension  in  the  amount  of 
$7.8  million.  Five  of  these  are  Specialized  Centers  of  Research  and 
two  are  program  projects.  In  kidney  diseases  and  body  fluids,  there 
were  76  grants  in  the  amount  of  $6.2  million.  Of  these  five  were 
program  projects. 

The  Specialized  Centers  of  Research  were  evaluated  after  one  and  one- 
half  years  of  progress  by  the  Advisory  Committee  and  found  to  have 
developed  into  a  strong  program  for  the  Institute.  Some  of  the  most 
widely  considered  research  reports  have  come  from  these  centers.  These 
include  (1)  classification  of  essential  hypertension  by  levels  of 
plasma  renin  activity,  (2)  the  preparation  of  a  pure  crystal ine  renin 
(salivary),  (3)  the  development  of  a  specific  antibody  for  aldosterone 
so  that  direct  assay  can  be  performed  on  blood  or  urine,  (4)  the  test- 
ing of  agents  that  block  converting  enzyme  and  Angiotensin  II,  and 
(5)  the  discovery  of  an  agent  that  blocks  renin. 

Other  highlights  in  the  area  of  hypertension  have  been  the  discovery 
that  certain  antihypertensive  agents  are  more  effective  in  some  essen- 
tial hypertensives.  This  is  related  to  the  patient's  plasma  renin 
level.  There  is  some  confirmation  that  small  changes  in  cardiovascular 
dynamics  occur  in  association  with  the  development  of  hypertension. 
These  include  some  shifts  in  electrolytes,  plasma  volume  and  cardiac 
output.  The  details  of  these  changes  and  the  specifics  of  their  imita- 
tion are  yet  to  be  worked  out.  The  roles  of  prostaglandins  in  blood 
pressure  regulation  and  hypertension  are  being  studied  intensively  by 
a  number  of  investigators  and  some  promising  leads  have  been  developed 
although  it  is  not  possible  to  specify  their  roles  at  the  present  time. 
An  intensified  effort  is  being  made  to  identify  the  structure  of  a 
neutral  lipid  from  the  kidney  which  will  prevent  or  cure  most  types 
of  experimental  hypertension. 

In  kidney  structure,  function  and  disease  results  have  not  been  quite 
as  exciting  but  some  progress  is  being  made.  Better  methods  for  typing 
kidney  tissue  for  transplantation  have  been  developed.  This,  in  asso- 
ciation with  the  development  of  regions,  each  with  a  typing  center 
for  achieving  the  best  possible  match  for  each  kidney  that  becomes 
available,  is  improving  successes  in  this  area.  Models  of  hydronephrosis 
and  nephrosclerosis  have  been  achieved  which  may  accelerate  progress  for 
understanding  these  diseases.  The  interstitial  cell  of  the  kidney 
medulla  is  becoming  implicated  in  the  production  of  both  prostaglandins 
and  the  antihypertensive  neutral  renal  lipid. 

The  mechanisms  whereby  cellular  membranes  handle  exchanges  of  water 
and  electrolytes  are  becoming  more  evident.  Some  investigators  report 
the  discovery  of  specific  structural  chemicals  that  effectively  move 
electrolytes  across  membranes. 
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ANNUAL  REPORT  FOR  OFFICE  OF  ASSOCIATE  DIRECTOR  FOR  CARDIOLOGY 
July  1,  1972,  through  June  30,  1973 


The  Institute's  extramural  program  in  cardiology  is  conducted  in  two  branches, 
the  Cardiac  Functions  Branch  and  the  Clinical  Cardiac  Diseases  Branch.*  Pro- 
jects dealing  primarily  with  function  and  structure  of  the  heart  and  cardiovas- 
cular system  are  in  the  Cardiac  Functions  Branch;  those  dealing  primarily  with 
disease  processes  are  in  the  Clinical  Cardiac  Diseases  Branch.  Both  grants 
and  contracts  are  utilized,  although  at  this  time  all  contracts  are  in  the 
Clinical  Cardiac  Diseases  Branch. 

The  office  and  its  two  branches  were  established  as  a  part  of  the  reorganiza- 
tion of  November  6,  1972.  The  Cardiac  Functions  Branch  encompasses  activities 
from  the  former  Cardiac  Diseases  Branch  and  some  of  the  program  projects  grants 
from  the  Special  Projects  Branch;  the  Clinical  Cardiac  Diseases  Branch  con- 
tinues the  activities  of  the  balance  of  grants  from  the  former  Cardiac  Diseases 
Branch  and  the  Special  Projects  Branch,  as  well  as  the  targeted  activities 
from  the  former  Myocardial  Infarction  Branch.  New  grants  in  the  areas  of 
arteriosclerotic  heart  disease  are  being  assigned  to  the  CCDB,  but  a  substan- 
tial fraction  of  research  on  clinical  manifestations  of  arteriosclerosis  is 
supported  by  grants  which  are  to  be  transferred  from  the  Atherogenesis  Branch 
which  had  as  its  forerunner  the  Arteriosclerosis  Branch. 

The  areas  of  program  activity,  categorized  as  they  have  been  in  past  annual 
reports,  have  the  following  numbers  of  grants  and  direct  costs  in  FY  1973: 


Clinical 

Cardiac 

Cardiac 

Functions 

Diseases 

Cardiology 

Branch 

Branch 

Total 

# 

$1 ,000 

#    $1 ,000 

# 

$1,000 

Cardiac  Diseases 

27 

3,931 

28     7,870 

55 

11,801 

Coronary  Heart  Disease 

2 

91 

4      427 

6 

518 

Congenital  Heart  Disease 

3 

75 

14     1,224 

17 

1,299 

Rheumatic  Fever  and 

Heart  Disease 

— 

— 

14      602 

14 

602 

Cardiac  Arrhythmias 

32 

1,076 

32     1 ,607 

64 

2,683 

Heart  Failure  and  Shock 

82 

2,811 

14      451 

96 

3,262 

Cardiovascular  Dynamics 

173 

8,162 

13      617 

186 

8,779 

Artificial  Heart 



— 

21     2,444 

21 

2,444 

Transplantation 

— 

— 

13     1,007 

13 

1,007 

Other 

17 

611 

1       38 

18 

649 

Total  Direct  Costs        336 

Total  (including  indirect 
costs  averaging  33%)       336 


16,757   154    16,287    490    33,044 


22,287   154    21,662    490    43,949 


*Note  also  the  Division's  Programs  in  Clinical  Applications  and  Prevention, 
(footnote  continued  on  bottom  of  next  page) 
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Targeted  activity  supported  by  research  contracts  on  myocardial  infarction 
and  related  problems  totals  $9,773,000;  all  of  this  involves  coronary  heart 
disease  or  is  directly  relevant  thereto,  but  a  number  of  the  projects  are 
focused  upon  the  etiology  and  prevention  of  arrhythmias  and  others  upon  the 
prevention  and  therapy  of  heart  failure  and  shock. 

The  traditional  categorization  utilized  in  the  preceding  table  includes  diseases 
(e.g.,  coronary  heart  disease)  as  well  as  manifestations  of  disease  and  cardio- 
vascular function  (e.g.,  cardiac  arrhythmias  and  cardiovascular  dynamics).  For 
the  purposes  of  this  tabulation,  a  project  involving  the  effects  of  arrhythmias 
upon  heart  failure  in  coronary  heart  disease  is  assigned  to  the  category  which 
is  the  primary  thrust  of  the  project.  It  must  also  be  emphasized  that  many 
processes  are  fundamental  to  multiple  diseases  and  that  many  grants  involve 
more  than  one  topic.  Such  interrelationships  must  be  recognized  in  reviewing 
the  preceding  tabulation. 

Scientifically  and  operationally,  these  close  interrelationships  are  recognized. 
Rather  than  separating  grants  according  to  such  categories,  they  are  looked  at 
together.  Similarly,  there  is  a  chain  of  relationships  between  the  most  basic 
research  and  the  most  highly  applied  clinical  investigation;  this  continuum  is 
recognized  and  utilized. 

Projects  in  the  Office  of  the  Associate  Director  for  Cardiology 

In  addition  to  the  programs  supported  through  the  two  branches,  direct  activi- 
ties of  the  Office  of  the  Associate  Director  for  Cardiology  have  included  two 
substantial  activities,  the  Nationwide  Survey  in  Cardiology  Training  and  Man- 
power Requirements  and  the  US-USSR  Collaborative  Program  upon  Research  on  the 
Management  of  Ischemic  Heart  Disease. 

The  Nationwide  Survey  in  Cardiology  Training  and  Manpower  Requirements  is  being 
conducted  through  a  contract  with  the  American  College  of  Cardiology 
(NIH-NHLI-71-2516,  Forrest  Adams,  M.D.,  Principal  Investigator,  $226,545  from 
June  30,  1971,  to  August  31,  1973).  A  major  part  of  the  study  is  being  under- 
taken through  a  subcontract  to  the  Department  of  Medical  Education,  University 
of  Southern  California,  under  Dr.  Stephen  Abrahamson,  with  much  of  the  effort 
under  the  direction  of  Robert  Mendenhall  of  that  department.  An  advisory 
committee  comprised  of  several  senior  cardiologists  provides  scientific  consul- 
tation and  overall  guidance  to  the  project.  The  goal  of  this  effort  is  to 
characterize  the  practice  of  cardiology,  the  manpower  resources  presently 
available,  expertise  needed,  and  the  training  which  is  requisite.  The  project 
has  consisted  of  four  major  phases:  (1)  a  nationwide  survey  which  involved 
over  10,000  participating  cardiologists,  (2)  a  professional  diary  survey  in 
which  a  subset  of  364  cardiologists  recorded  their  daily  activities  over  a 
five-day  period,  (3)  a  survey  of  cardiovascular  training  programs,  and 
(4)  a  second  survey  of  cardiologists  to  obtain  their  perceptions  of  special 


(footnote  continued  from  previous  page) 

in  the  Etiology  of  Arteriosclerosis  and  Hypertension,  and  in  the  Lipid 
Metabolism  Branch,  as  well  as  in  the  Intramural  Division  and  related  work 
within  the  Division  of  Technological  Applications. 
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expertise  needed  in  the  practice  of  cardiology  and  of  needs  for  training. 
The  final  report  of  the  project  is  to  be  completed  by  the  fall  of  1973. 

The  US-USSR  Agreement  on  Scientific  Interchange  has  included  a  Collaborative 
Program  on  the  Assessment  of  Medical  and  Surgical  Management  of  Ischemic  Heart 
Disease;  the  specific  problem  is  angina  pectoris.  Through  visits  of  a  US  group 
to  the  Soviet  Union  and  of  a  USSR  group  to  the  United  States  and  the  exchange 
of  documents,  a  plan  has  been  developed  for  the  International  Study.  It  con- 
sists of  data  to  be  selected  from  a  domestic  US  study  being  initiated  by  the 
Clinical  Cardiac  Diseases  Branch  and  from  a  domestic  USSR  study.  It  is  to 
utilize  common  descriptors  for  patients  in  the  specific  subsets  which  enter  the 
International  Study.  Patients  in  a  reference  group  are  those  who  have  compara- 
ble characteristics  and  similar  medical  therapy  in  both  the  US  and  the  USSR; 
those  in  an  "intensively  managed  group"  (by  operative  techniques  in  the  US  and 
by  differential  medical  management  in  the  USSR)  also  have  comparable  character- 
istics. The  Cooperative  Study  has  established  common  descriptors  and  methods 
that  will  allow  the  comparison  of  appropriate  subgroups  through  long-term 
follow-up. 

A  Summary  of  Developments  in  the  Cardiology  Program 

Substantial  progress  has  been  made  in  the  field  of  cardiology.  More  precise 
and  rapid  means  of  diagnosis  of  early  and  acute  heart  disease  have  been 
developed.  Quantification  of  the  severity  of  disease  and  of  the  effects  of 
therapy  have  been  advanced;  this  is  a  major  step,  both  for  patient  management 
and  for  the  conduct  of  research.  New  therapeutic  techniques  are  being  developed 
and  applied  to  reduce  the  severity  of  heart  damage  and  to  relieve  symptoms  of 
heart  disease;  in  limited  situations,  they  can  completely  reverse  heart  disease. 
In  addition  to  developing  a  more  effective  therapy,  existing  methods  are  under- 
going systematic  evaluation  as  to  their  real  indications  and  benefits.  In 
addition  to  prevention  of  the  processes  underlying  heart  diseases,  steps  have 
been  made  towards  the  prevention  of  further  disability  or  death  once  heart 
disease  becomes  manifest. 

Important  advances  are  being  made  in  clarifying  the  normal  functioning  of  the 
heart  and  cardiovascular  system  and  their  derangements  in  disease.  These 
include  disturbances  of  heart  rhythm  and  pumping  ability,  cardiovascular  func- 
tion and  control,  and  the  fundamental  biochemical  processes.  From  these  basic 
studies  of   normal  and  deranged  function,  new  opportunities  for  therapy  are 
evolving  which  will  be  and  are  being  applied  in  the  clinical  setting. 

The  reorganization  which  has  combined  clinically  focused  cardiology  programs 
and  closely  related  research  on  cardiovascular  function  and  structure  in  the 
normal  and  diseased  states  is  yielding  important  dividends.  The  coordinated 
operation  of  targeted  contract  programs  with  grant  mechanisms  has  brought  about 
new  opportunities  and  responsibilities.  The  opportunities  are  the  planning, 
management,  and  evaluation  of  related  programs  comprehensively  and  independently 
of  mechanism  of  funding;  the  responsibility  is  careful  attention  to  separating 
Institute  targeting  and  direction  of  some  activities  from  Institute  overview, 
analysis,  and  administrative  management  of  other  activities.  The  integration 
of  contract  and  grant  activities  is  not  unique  in  the  Institute;  almost  without 
exception,  participants  in  the  targeted  contract  programs  are  also  participants 
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in  the  grant  programs.  The  participants  as  well  as  Institute  staff  are  cogni- 
zant of  the  differences  between  the  two  types  of  activities  and  their  mutually 
contributory  roles.  The  effort  has  been  and  will  be  upon  the  achievement  of 
the  goals  of  the  Institute  toward  the  betterment  of  health. 
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ANNUAL  REPORT  OF  THE  CLINICAL  CARDIAC  DISEASES  BRANCH 
July  1,  1972  through  June  30,  1973 

BRANCH  SUMMARY 

The  Clinical  Cardiac  Diseases  Branch  was  formed  in  November  1972,  The 
Branch  has  the  administrative  responsibility  for  all  extramural  National 
Heart  and  Lung  Institute  supported  projects  related  to  heart  disease  with 
the  exception  of  some  large  scale  clinical  trials,  epidemiological  surveys, 
and  the  development  of  medical  devices  under  contract.  Projects  include 
clinical  and  laboratory  investigations  on  the  manifestations,  mechanisms, 
diagnosis,  and  therapy  of  various  types  of  heart  disease  and  pathologic 
processes  common  to  all  forms  of  heart  disease.  Most  basic  scientific  and 
clinical  disciplines  are  represented  in  these  projects.  Studies  on  thera- 
peutic interventions  include  pharmacologic  agents,  exercise,  surgery,  assisted 
circulation,  and  cardiac  transplantations. 

A  large  number  of  the  active  grants  from  the  previous  Cardiac  Diseases 
and  Special  Program  Branches  have  been  assigned  to  the  Clinical  Cardiac 
Diseases  Branch.  In  addition,  the  Branch  has  incorporated  all  the  active 
contracts  of  the  previous  Myocardial  Infarction  Branch.  New  projects 
reviewed  since  November  1972  which  fall  within  the  Branch's  scientific  scope, 
whether  supported  under  either  grant  or  contract  mechanism,  have  been 
assigned  directly  to  the  Branch  through  the  Office  of  the  Associate  Director 
for  Cardiology. 

At  present  approximately  two-thirds  of  the  funds  of  the  Clinical  Cardiac 
Diseases  Branch  are  allocated  to  projects  supported  through  the  grant 
mechanism.  The  remaining  funds  are  allocated  to  "institute  initiated"  pro- 
jects which  at  present  are  all  in  the  area  of  ischemic  heart  disease  and 
are  all  supported  under  contracts.  Since  the  scope  of  research  and  manage- 
ment differ  considerably  between  them,  the  research  supported  by  these  two 
types  of  mechanisms  will  be  described  separately  in  the  subsequent  pages 
of  this  report. 
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RESEARCH  GRANTS 

One  hundred  fifty-four  active  grants  related  to  heart  disease  with  FY  73 
budgets  of  16.3  million  dollars  in  direct  costs  are  presently  being  super- 
vised by  the  Clinical  Cardiac  Diseases  Branch.  Individual  grants  range  in 
size  and  scope  from  single  laboratory  research  projects  with  an  annual  budget 
of  less  than  $10,000  to  broad  multidisciplinary  research  endeavors  with  an 
annual  budget  close  to  two  million  dollars. 

Research  projects  assigned  to  the  branch  cover  a  broad  spectrum  of  problems 
related  to  clinical  diseases  of  the  heart.  As  a  result  they  involve  many 
of  the  basic  as  well  as  clinical  scientific  disciplines  and  represent  a 
variety  of  approaches  to  the  better  understanding  and  treatment  of  heart 
disease.  While  many  of  the  projects  are  focused  on  a  specific  disease  entity, 
process  or  intervention,  a  large  number  represent  a  broader  approach  and 
involve  various  disease  processes,  their  description,  diagnosis,  mechanisms, 
and  therapy. 

At  present  each  grant  has  been  placed  into  one  of  eleven  categories.  These 
include  cardiac  diseases,  coronary  heart  disease,  congenital  heart  disease, 
rheumatic  heart  disease,  rheumatic  fever,  cardiac  arrhythmias,  heart 
failure,  cardiovascular  dynamics,  fundamental  research,  artificial  heart 
and  transplantation. 


Number 

FY  73  Funds 

(Direct  Costs) 
(x  $1,000) 

Cardiac  Diseases 

28 

$  7,870 

Coronary  Heart  Disease 
Congenital  Heart  Disease 
Rheumatic  Heart  Disease 
Rheumatic  Fever 

4 
14 
10 

4 

427 

1,224 

413 

189 

Cardiac  Arrhythmias 
Heart  Failure 
Cardiovascular  Dynamics 
Fundamental  Research 

32 

14 

13 

1 

1,607 

451 

617 

38 

Artificial  Heart 
Transplantation 

21 

13 

2,444 
1,007 

Total  Direct  Costs 

154 

$16,287 

Total  (including  indirect  costs  average  33%)  $21,600 

The  cardiac  diseases  category  includes  many  of  the  larger  multidisciplinary 
and  multifaceted  grants  which  take  a  broad  look  at  the  problem  of  heart 
disease.  As  a  result,  funds  allocated  to  this  single  category  represent 
nearly  one-half  of  the  Branch's  total  grant  support.  Subprojects  within 
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these  larger  grants,  however,  could  logically  fall  into  other  more  specific 
categories  and  contain  some  of  the  more  exciting  and  newer  approaches  to  the 
study  of  heart  disease.  Other  smaller  grants  in  this  area  focus  on  such 
specific  problems  as  endocarditis  or  diabetic  heart  disease  which  are  not 
specifically  included  in  other  areas. 

Grants  under  coronary  heart  disease,  congenital  heart  disease,  rheumatic 
heart  disease  and  rheumatic  fever  focus  primarily  on  the  pathogenesis,  des- 
cription, diagnosis,  mechanisms  or  therapy  related  to  these  specific  disease 
entities.  While  only  four  coronary  heart  disease  grants  are  included  here, 
considerably  more  active  grants  in  this  important  area  are  included  in  the 
cardiac  disease  category  and  also  under  the  Atherogenesis  Branch. 

Cardiac  arrhythmias,  heart  failure,  cardiovascular  dynamics  and  fundamental 
research  include  grants  which  focus  on  processes  which  are  common  to  cardiac 
disease  in  general.  Of  these  the  largest  category  is  that  of  cardiac 
arrhythmias  which  includes  diagnostic  electrocardiography,  the  study  of  con- 
duction defects,  and  the  mechanisms  of  abnormal  cardiac  muscle  electrical 
potentials  in  disease  states.  Under  heart  failure,  research  projects  encompass 
many  of  the  newer  investigations  in  digitalis  metabolism  as  well  as  studies 
on  cardiogenic  shock. 

Artificial  heart  and  transplantation  focus  on  some  of  the  more  dramatic  and 
potentially  most  rewarding  interventions  in  end-stage  heart  disease.  Arti- 
ficial heart  grants  include  many  of  the  studies  with  mechanical  cardiac  assist 
devices,  the  development  of  improved  valve  prosthesis,  and  the  study  of  bio- 
materials.  (Contracts  in  this  area  are  under  the  Division  of  Technological 
Applications.  Grants  under  transplantation  support  one  of  the  major  centers 
studying  human  cardiac  transplantation  and  its  consequences  as  well  as  pro- 
jects which  are  investigating  cardiac  transplantation  in  animals.  Other 
projects  in  this  area  are  concerned  with  the  important  problem  of  transplant 
rejection  and  the  basic  immune  responses  involved  in  this  process. 

Although  the  branch  envisions  considerable  regrouping  of  individual  grants 
between  categories  and  some  reassignments  among  branches,  the  basic  overall 
reallignment  of  grants  has  been  profitable.  Attention  has  been  focused  on 
the  entire  scope  of  clinical  heart  diseases  research  supported  by  the 
National  Heart  and  Lung  Institute.  This  new  approach  permitted  a  closer 
coordination  of  effort  with  "institute  initiated"  research,  as  described  in 
the  following  section,  and  identification  of  areas  which  require  special 
attention.  In  the  coming  months  a  major  effort  will  be  directed  at  the 
further  identification  and  grouping  of  various  research  investigations  within 
grants  and  the  coordination  and  integration  of  these  projects  with  the 
overall  National  Heart  and  Lung  Institute  plan. 
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RESEARCH  CONTRACTS 

The  Clinical  Cardiac  Diseases  Branch  is  continuing  the  National  Heart  and 
Lung  Institute's  program  of  research  to  reduce  deaths  or  disability  from 
myocardial  infarction,  chronic  coronary  heart  disease,  and  sudden  cardiac 
death.  Active  research  areas  during  the  past  year  have  included  sudden 
cardiac  death,  the  Myocardial  Infarction  Research  Units,  quantifying  infarct 
size,  protecting  ischemic  myocardium,  control  of  lethal  arrhythmias,  and 
coronary  artery  surgery.  Research  projects  in  each  of  these  areas  have  been 
solicited  through  one  or  two  requests  for  proposals  distributed  widely  to 
the  scientific  community.  Two  new  solicitations  in  the  past  year  were  for 
a  coordinating  center  and  participants  in  a  project  on  coronary  artery 
surgery.  Each  of  the  research  areas  and  each  individual  contract  has  had 
an  annual  review  within  the  past  year  by  extramural  advisory  review  groups. 
In  addition,  individual  contractors  have  been  visited  by  members  of  the 
Branch  staff.  Groups  of  investigators  within  each  of  the  research  areas 
have  met  in  the  Bethesda  area  to  discuss  the  objectives  of  their  studies  and 
how  the  individual  research  projects  fit  into  the  overall  goals. 

In  the  area  of  sudden  cardiac  death,  nineteen  contracts  have  continued 
investigations  on  the  description,  mechanisms,  and  potential  therapy  of  this 
most  common  mode  of  coronary  heart  disease  death.   Specific  objectives 
include  the  identification  and  study  of  subgroups  in  the  population 
chronically  at  high  risk  for  sudden  cardiac  death,  recognition  of  pre- 
monitory warning  signs,  identification  and  characterization  of  possible  pre- 
cipitating factors  and  pathophysiologic  processes,  characterization  of  under- 
lying chronic  and  acute  pathology,  analyses  of  clinical  pathologic  correlations, 
assessment  of  early  therapy,  and  an  in  depth  anatomical  and  physiological 
description  of  the  resuscitated  "sudden  death"  victims. 

The  nine  Myocardial  Infarction  Research  Units  have  continued  comprehensive 
clinical  investigations  on  patients  with  acute  myocardial  infarction;  the 
support  of  relevant  clinical  and  basic  science  investigations;  and  the 
development  of  new  methods  for  the  diagnosis  and  evaluation  and  treatment 
of  the  patient  with  acute  myocardial  infarction. 

Under  Quantifying  Infarct  Size,  three  separate  contracts  are  investigating 
some  of  the  more  promising  and  newer  methods  to  assess  damaged  muscle.  Two 
of  these  involve  radioisotopes  while  one  is  developing  new  ultrasound 
techniques. 

On  the  topic  of  Protecting  Ischemic  Myocardium,  twelve  contracts  have  been 
active  over  the  past  year.  Six  of  these  were  initiated  since  the  last  annual 
report.  Research  activities  encompass  studies  in  biochemistry,  physiology, 
and  clinical  sciences  related  to  this  subject. 

Six  contracts  on  the  Control  of  Lethal  Arrhythmias  were  also  begun  since  the 
last  annual  report.  These  studies  span  the  biochemistry,  physiology,  and 
clinical  areas. 
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In  the  area  of  Coronary  Artery  Surgery,  work  is  just  beginning  among  a  group 
of  thirteen  contractors  to  design  a  registry  and  also  to  draw  up  protocols 
to  study  the  effects  of  coronary  artery  bypass  surgery  in  various  subgroups 
of  patients. 

Significant  advances  have  been  made  in  the  past  year  in  the  ways  to  diagnose, 
measure,  and  modify  the  course  of  acute  ischemic  heart  disease.  Many  of 
these  advances  have  come  directly  from  recent  work  in  the  physiology  and 
biochemistry  research  laboratories.  The  more  basic  research  projects  are 
continuing  to  uncover  the  mechanisms  of  ischemia  and  pointing  the  way  to 
newer  and  more  promising  methods  of  identifying  and  modifying  the  acute 
effects  on  the  heart.  Evaluation  and  implementation  of  various  forms  of  therapy 
are  attacking  the  disease  process  during  the  immediate  prodromal  phase 
prior  to  the  onset  of  the  acute  event,  in  the  coronary  care  units  during 
the  earliest  hours  and  days  of  the  acute  illness,  in  the  months  to  years 
following  the  established  infarction,  and  in  the  patient  with  chronic  ischemic 
heart  disease  with  or  without  a  prior  acute  event. 
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SUDDEN  CARDIAC  DEATH 

Sudden  cardiac  death,  i.e.,  cardiac  death  occurring  outside  of  hospitals  or 
prior  to  entry  into  the  health  care  delivery  system,  accounts  for  over  half 
of  the  600,000  annual  deaths  from  arteriosclerotic  heart  disease.  A  multi- 
faceted  program  of  research  on  the  pathophysiology  and  treatment  of  sudden 
cardiac  death  is  being  conducted  in  an  attempt  to  identify  subgroups  at  high 
risk  for  suffering  one  of  these  events,  to  characterize  the  underlying  patho- 
physiological processes,  and  to  develop  methods  for  early  therapy  for  these 
patients.  These  objectives  are  being  pursued  in  several  ways. 

A  cooperative  study  among  four  institutions  (Mt.  Zion  Hospital,  Johns  Hopkins 
Hospital,  University  of  Miami,  and  Ohio  State  University)  has  sought  to 
elucidate  the  pathophysiology  of  sudden  cardiac  death  by  a  cooperative  study 
on  the  clinical-pathological  correlations  in  sudden  cardiac  death  victims 
and  controls.  With  the  cooperation  of  the  medical  examiners'  offices,  deaths 
which  occur  within  24  hours  of  the  onset  of  acute  symptoms  are  studied  in 
persons  less  than  65  years  of  age  who  do  not  have  symptomatically  advanced 
heart  disease.  Standardized  protocols  have  been  developed  for  the  patho- 
logical analyses  and  these  are  correlated  with  clinical  information  obtained 
from  relatives  of  victims  or  witnesses  of  the  acute  events.  Over  500  cases 
of  sudden  cardiac  death  have  been  studied  with  complete  history  and  autopsy 
information.  Analysis  of  these  cases  is  now  being  completed  and  the  data 
will  be  transmitted  to  Ohio  State  University  where  detailed  computer  analysis 
of  the  combined  cases  will  be  obtained.  Preliminary  results  indicate  that 
although  most  victims  of  sudden  cardiac  death  have  advanced  severe  athero- 
sclerotic heart  disease,  as  high  as  16%  in  medical  examiners'  series  may  have 
no  evidence  of  significant  atherosclerosis.  Non-coronary  types  of  heart 
disease,  such  as  aortic  stenosis  and  myocarditis,  occur  infrequently.  Both 
cardiomegaly  and  hypertensive  heart  disease  are  common  pathologic  findings. 
Acute  occlusions  of  the  coronary  vessels  may  occur  in  as  high  as  45%  of  these 
victims  but  an  accompanying  acute  myocardial  infarction  is  found  in  only 
approximately  16%  of  the  cases.  Several  centers  have  identified  a  subgroup 
of  patients  with  "instantaneous  death",  i.e.,  death  within  the  first  two  or 
three  minutes  after  the  onset  of  symptoms.  These  cases  are  associated  with 
advanced  chronic  coronary  artery  disease  and  show  a  paucity  of  acute  findings 
either  in  the  coronary  arteries  or  in  the  myocardium.  Preliminary  studies 
of  the  conduction  systems  have  failed  to  demonstrate  significant  changes 
which  may  have  contributed  to  the  patients'  deaths.  Interviews  with  relatives 
and  witnesses  of  the  acute  event  have  produced  some  information  on  pre- 
monitory symptoms  of  sudden  death  and  myocardial  infarction.  Shortness  of 
breath,  chest  pain,  and  unusual  fatigue  are  commonly  recorded  prodromal 
symptoms  but  their  significance  in  this  high-risk  population  remains  to  be 
determined.  Many  of  these  sudden  death  victims  have  visited  their  physician 
within  the  two  weeks  prior  to  their  death,  although  most  visits  were  for 
routine  follow-up  care  rather  than  obvious  changes  in  symptoms. 

In  a  prospective  study  of  300  high-risk  middle-aged  men,  ventricular 
arrhythmias  and  disorders  of  the  cardiac  pacemaker  observed  in  ambulatory 
24-hour  ECG  recordings  have  correlated  with  a  higher  risk  of  sudden  cardiac 
death.  Prior  histories  of  cardiovascular  and/or  pulmonary  disease,  as  well 
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as  lipid  abnormalities,  are  also  associated  with  a  high  risk  of  acute  myo- 
cardial infarction  or  sudden  death.  In  another  prospective  study  of  the 
significance  of  bifascicular  block  with  intact  atrioventricular  conduction, 
it  was  learned  that  right  bundle  branch  block  with  left  axis  deviation  alone 
does  not  identify  a  group  at  high  risk  for  sudden  death  and  is  not  by  itself 
an  indication  for  prophylactic  pacemaker  insertion.  In  this  group  and  in 
other  subsets  of  these  patients  with  bifascicular  block,  death  is  often  due 
to  advanced  heart  or  renal  disease  and  is  only  rarely  due  to  progression  of 
disease  of  the  distal  conducting  system. 

Among  the  possible  causes  of  sudden  cardiac  death  and  transient  episodes  of 
ischemia  of  a  portion  of  the  heart.  The  electrophysiological  instabilities 
and  hemodynamic  consequences  associated  with  this  event  are  being  character- 
ized in  experiments  in  an  animal  model.  A  high  degree  of  instability  mani- 
fested by  ventricular  tachycardia  or  fibrillation  is  found  immediately  after 
occlusion  and  again  immediately  after  release  of  the  occlusion  and  reper- 
fusion  of  the  ischemic  region.  The  mechanism  of  this  instability  is  being 
sought,  so  that  appropriate  drug  regimens  can  be  selected  to  prevent  sudden 
cardiac  death  in  patients. 

Ambulatory  long-term  ECG  monitoring  has  become  one  of  the  major  tools  to 
investigate  cardiac  arrhythmias  as  risk  factors  for  sudden  cardiac  death. 
Satisfactory  methods  for  the  rapid  and  accurate  analysis  of  these  records 
are  essential  for  evaluation  of  abnormalities  of  rhythm  and  conduction  and 
their  control.  An  extremely  rapid  computer  system  to  provide  analysis  of 
many  samples  of  tapes,  primarily  for  ventricular  arrhythmias  and  conduction 
disturbances,  is  now  in  prototype  form  and  preliminary  scans  of  tapes  well 
in  excess  of  60  times  realtime  have  been  performed.  This  computerized  system 
far  exceeds  the  capability  and  accuracy  of  present  manual  scanning  or  semi- 
automated  techniques  in  detecting  episodes  of  ventricular  arrhythmias. 

Various  therapeutic  modalities  have  been  utilized  to  prevent  sudden  cardiac 
death.  In  two  cities  specially  equipped  mobile  rescue  units  are  operational 
and  have  shown  the  feasibility  of  training  paramedical  personnel  to  provide 
emergency  treatment  for  acute  cardiac  catastrophies.  These  teams  have 
resuscitated  over  100  subjects  from  ventricular  fibrillation  and  have 
achieved  a  long-term  survival  rate  of  approximately  16%.  The  vast  majority 
of  these  survivors  are  functioning  well.  Organic  brain  damage  has  been 
present  in  only  a  few.  These  resuscitated  patients  provide  a  source  of 
patients  at  extremely  high  risk  for  future  cardiac  events.  In  those 
patients  whose  ventricular  fibrillation  was  unassociated  with  acute  myo- 
cardial infarction,  the  first  year  mortality  has  been  approximately  50%. 
Efforts  are  now  underway  to  characterize  these  patients  further  by  invasive 
and  non-invasive  diagnostic  procedures,  as  well  as  to  institute  therapy  on 
a  systematic  basis. 

Another  potential  therapeutic  modality  for  persons  with  symptoms  suggestive 
of  acute  myocardial  infarction  is  intramuscular  injection  of  atropine  or 
lidocaine,  to  treat  or  prevent  the  development  of  hypotension  and/or  lethal 
arrhythmias  before  the  patient  can  receive  definitive  medical  care.  Intra- 
muscular atropine  administered  via  automatic  injectors  has  been  shown  to 
be  as  effective  in  raising  heart  rate  as  conventional  modes  of  admini- 
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strati  on  (intravenous  or  intramuscular)  and  intermediate  between  the  two  in 
speed  of  onset.  A  randomized  trial  of  the  effectiveness  of  intramuscular 
lidocaine  is  underway  in  an  emergency  rescue  service.  A  study  of  the  effects 
of  lidocaine  on  atrioventricular  conduction  in  patients  with  atrioventricular 
block  and  chronic  ischemic  intramuscular  injection  and  only  infrequent 
deterioration  with  intravenous  injection.  More  patients  with  acute  myocardial 
infarction  will  be  studied  to  establish  these  results  more  firmly. 

Studies  in  forty  patients  with  "impending  myocardial  infarction  syndrome" 
reveal  normal  hemodynamics  in  almost  all  unassociated  with  pain,  but  striking 
changes  during  episodes  of  pain  at  rest,  and  sometimes  preceding  pain. 
Six  of  these  patients  (15%)  had  insignificant  or  no  coronary  artery  disease. 

Cornell  University  Medical  Center 

Contract  No.  NIH-NHLI-70-2069 

Contract  Amount:     $768,410  (5/11/70  to  6/29/73) 

Principal  Investigator:  Lawrence  Hinkle,  M.D. 

This  is  a  long-term  prospective  study  of  300  high-risk  men  and  100  matched 
controls.  Physical  exams,  ambulatory  24-hour  ECG  recordings,  and  various 
laboratory  studies  are  performed  on  these  subjects  periodically.  The 
prognostic  value  of  observed  arrhythmias,  heart  rate  patterns  during  everyday 
activity  and  other  risk  factors  is  being  assessed.  Efforts  are  being  made  to 
develop  methods  for  rapid  analysis  of  the  taped  electrocardiographic  data. 
Results  to  date  indicate  that  cardiac  deaths  are  sometimes  preceded  by  de- 
bilitating illnesses,  the  occurrence  of  new  forms  of  chest  pain  or  an  increase 
in  the  frequency  or  severity  of  chest  pain,  as  well  as  by  the  development  of 
abnormalities  of  rhythm  or  conduction  observed  on  the  ambulatory  recordings. 
However,  some  abrupt  deaths  have  no  apparent  immediate  precursors  which  can 
be  observed  by  others.  The  risk  of  having  a  new  cardiac  event  is  related  to 
pre-existing  coronary  artery  disease,  the  presence  of  arteriosclerosis  of 
other  vessels,  the  presence  of  hypertensive  disease,  lipid  transport 
abnormalities,  glucose  intolerance,  altered  uric  acid  metabolism,  and 
cigarette  smoking.  The  factors  that  appear  to  increase  the  risk  of  death 
include  pre-existing  coronary  artery  disease,  pre-existing  hypertensive  heart 
disease,  cardiac  enlargement  or  dilatation,  congestive  heart  failure,  dis- 
orders of  the  cardiac  pacemaker,  disorders  of  cardiac  conduction  or  rhythm, 
pulmonary  disease,  acute  or  chronic  alcoholism,  and  present  cigarette 
smoking.  Follow-up  examinations  on  this  group  will  be  conducted  three  times 
yearly  and  enough  men  will  be  admitted  to  the  study  during  the  year  to 
replace  those  who  dropped  out  because  of  death,  disability,  or  retirement. 
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Emory  University 

Contract  No.  NIH-NHLI-70-2070 

Contract  Amount:  $32,768  (4/1/70  to  5/31/73) 

Principal  Investigator:  Nanette  Wenger,  M.D. 

Emergency  life  support  stations  have  been  established  at  the  two  athletic 
stadia  in  Atlanta,  Georgia  to  facilitate  the  entry  of  a  patient  with  an  acute 
cardiac  event  into  the  standard  health  care  program.  The  low  incidence  of 
apparent  acute  sudden  cardiac  death  observed  and  the  relatively  low  incidence 
of  salvage  challenge  the  economics  of  extensive  implementation  of  this  type 
of  facility.  In  addition,  ambulatory  ECG  monitoring  has  been  performed  on 
the  fathers  of  several  Georgia  Tech  football  team  players.  Correlations 
were  tested  between  the  incidence  of  cardiac  arrhythmias  and  the  history  of 
cardiovascular  disease  or  symptoms,  reported  symptoms  during  the  game,  and 
the  estimated  level  of  excitement  and/or  stress  during  the  game.  No  gross 
apparent  relationship  was  found  and  a  more  detailed  computer  analysis  is  in 
progress.  At  present  a  survey  of  sudden  cardiac  death  in  the  medical  and 
surgical  clinics  at  Grady  Memorial  Hospital  is  in  progress. 

Johns  Hopkins  University 

Contract  No.  NIH-NHLI-70-2071 

Contract  Amount:  $431,900  (4/15/70  to  7/31/73) 

Principal  Investigator:  Lewis  Kuller,  M.D. 

This  group  is  one  of  the  four  participating  in  the  collaborative  necropsy- 
history  study.  All  sudden  cardiac  death  cases  from  an  area  of  Baltimore 
City  with  an  approximate  population  of  500,000  are  being  studied.  Over  400 
post  mortem  examinations  have  been  completed  including  171  sudden  deaths  due 
to  arteriosclerotic  heart  disease  (ASHD).  Five  hundred  thirty-eight  myocardial 
infarction  patients  have  been  also  included  in  the  study  and  represent  all 
patients  admitted  with  a  transmural  myocardial  infarction  to  the  twelve 
hospitals  in  the  area  of  the  study.  Over  200  neighborhood  controls  have  been 
selected. 

While  it  was  found  that  61%  of  all  ASHD  deaths  were  sudden,  75%  of  those  under 
age  45  were  sudden.  After  adjusting  for  a  history  of  heart  disease  little 
difference  was  observed  in  the  frequency  of  current  cigarette  smoking  among 
ASHD  sudden  deaths  and  living  myocardial  infarction  patients  and  few  victims 
were  actually  smoking  at  the  time  of  myocardial  infarction  or  sudden  death. 
Although  there  is  a  high  incidence  of  increased  alcohol  consumption  in  sudden 
death  cases,  there  were  very  few  deaths  in  which  the  victim  was  actually 
intoxicated  or  drinking  at  the  time  of  the  acute  event.  Prior  histories  of 
hypertension  and  diabetes  were  very  high  among  both  the  ASHD  sudden  deaths 
and  the  living  myocardial  infarction  patients.  No  sudden  ASHD  deaths  were 
found  among  black  women  who  did  not  have  a  history  of  diabetes  and/or  hyper- 
tension. Psychiatric  conditions  were  especially  prevalent  among  the  white 
women  who  died  suddenly.  Although  there  is  a  very  high  frequency  of  physician 
visits  within  the  two  weeks  prior  to  sudden  death  and  myocardial  infarction, 
in  most  cases  these  visits  are  related  to  routine  follow-up  care  rather  than 
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obvious  overt  changes  in  symptomatology.  No  one  specific  acute  precipitating 
event  could  be  clearly  identified.  Forty  percent  of  the  ASHD  sudden  deaths 
had  at  least  one  acute  lesion  within  the  coronary  arteries.  All  patients 
with  thrombi -associated  deaths  exhibited  some  prodromal  symptomatology. 
Approximately  20%  of  the  deaths  had  an  acute  thrombus,'  36%  hemorrhage  into  a 
plaque,  and  14%  a  ruptured  plaque.  Among  the  non-ASHD  cases  of  sudden  death, 
fatty  liver  was  the  most  common  associated  finding. 

In  the  concluding  phase  of  the  study  more  detailed  analysis  of  special  sub- 
groups will  be  prepared.  Pathologic  studies  will  concentrate  on  acute 
lesions  in  sudden  death,  especially  hemorrhage  into  plaque,  thrombus  and 
plaque  rupture.  Comparison  of  the  differences  in  cases  with  and  without 
thrombosis  will  be  undertaken.  All  data  collected  will  be  processed  in  a 
form  suitable  for  computer  analysis. 

University  of  Miami 

Contract  No.  NIH-NHLI-70-2072 

Contract  Amount:  $718,143  (4/1/70  to  6/29/73) 

Principal  Investigator:  Eugene  Nagel ,  M.D. 

This  group  is  one  of  the  four  participating  in  the  collaborative  necropsy- 
history  study.  Over  250  pathological  examinations  have  been  performed  under 
the  standardized  protocol.  Pathological  examinations  have  revealed  that 
93%  of  the  victims  had  old  coronary  artery  disease  and  70%  of  these  patients 
had  involvement  of  at  least  two  coronary  vessels.  Also,  40%  of  the  sudden 
cardiac  death  victims  have  evidence  of  an  old  myocardial  infarction.  One- 
half  of  the  victims  have  a  new  coronary  occlusion  but  only  approximately  one- 
quarter  had  evidence  of  fresh  myocardial  necrosis.  This  data  will  be  processed 
in  a  form  suitable  for  computer  analysis. 

Since  the  beginning  of  the  study  67  survivors  with  ventricular  fibrillation 
have  been  studied.  These  cases  are  part  of  a  pool  of  290  defibrillations. 
Within  the  first  24-ho  urs  after  resuscitation,  these  patients  exhibit  frequent 
premature  ventricular  beats  and  refibrillation.  Morbidity  was  high  among 
these  long-term  survivors;  40%  suffered  pneumonia,  mainly  aspiration  pneumonia, 
and  20%  had  "flail  chest".  In  many  cases  these  two  complications  were  found 
together.  Sixteen  percent  of  the  long-term  survivors  manifested  some  organic 
brain  defects.  These  survivors  of  ventricular  fibrillation  will  undergo 
long-term  follow-up. 

Mt.  Zion  Hospital  (San  Francisco) 

Contract  No.  NIH-NHLI-70-2073 

Contract  Amount:  $237,887  (2/27/70  to  6/29/73) 

Principal  Investigator:  Meyer  Friedman,  M.D. 

This  group  is  one  of  the  four  participating  in  the  collaborative  necropsy- 
history  study.  One  hundred  fifty-four  sudden  death  cases  with  cardiovascular 
tissue  pathology  are  now  being  processed.  In  addition,  100  hospitalized 
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control  patients  with  myocardial  infarction  are  being  studied.  Special  studies 
of  endocrine  and  metabolic  abnormalities  in  sudden  death  have  been  performed 
in  85  cases.  These  lipid  and  hormonal  measurements  may  have  value  as 
indicators  of  the  status  of  the  subject  before  his  fatal  attack.  Blood 
cholesterol  of  subjects  dying  either  instantaneously  or  suddenly  of  cardiac 
disease  has  been  essentially  the  same  as  in  subjects  dying  of  non-cardiac 
causes.  The  serum  lipid,  adrenal  cholesterol  content,  urinary  catecholamine 
and  metanephrine  concentrations  and  pituitary  growth  hormone  levels  of  persons 
dying  instantaneously  and  suddenly  of  coronary  heart  disease  will  also  be 
compared.  A  sub-set  of  sudden  cardiac  death,  those  patients  who  die 
"instantaneously",  i.e.,  within  two  minutes  after  onset  of  symptoms,  have  been 
found  to  differ  both  epidemiologically  and  pathologically  from  the  remainder 
of  sudden  cardiac  death  victims.  These  "instantaneous"  deaths  have  a 
paucity  of  acute  pathologic  findings  either  in  coronary  arteries  or  in  the 
myocardium.  Exertion  precedes  instantaneous  death  almost  three  times  as 
frequently  as  it  does  sudden  death.  A  predictive  index  is  being  tested  which 
will  identify  patients  with  a  previous  myocardial  infarction  who  are  prone  to 
"instantaneous"  death.  Eight-five  percent  of  the  autopsy  cases  show  severe 
atherosclerosis  of  one  or  more  vessels.  Spontaneous  rupture  of  atheromatous 
plaques  is  believed  to  be  a  major  cause  of  acute  coronary  occlusion  and  can 
be  an  initial  stimulus  for  thrombus  formation.  Recannalization  hemorrhage 
can  be  a  significant  cause  of  sudden  death.  Clarification  of  the  pathologic 
relationships  between  coronary  thrombosis,  myocardial  infarction,  and  sudden 
death  will  be  further  studied.  The  data  will  be  processed  in  a  form  suitable 
for  computer  analysis  by  the  collaborative  sudden  cardiac  death  study. 

Ohio  State  University 

Contract  No.  NIH-NHLI-70-2074 

Contract  Amount:  $400,600  (6/22/70  to  6/21/73) 

Principal  Investigator:  Joseph  R.  Anthony,  M.D. 

This  group  is  one  of  the  four  participating  in  a  collaborative  necropsy- 
history  study  and  serves  as  the  central  coordinator  for  the  computer  analysis 
of  the  individual  and  pooled  data.  In  cooperation  with  the  three  other 
centers  a  common  clinical  and  pathological  protocol  for  data  collection  has 
been  developed.  From  this  institution  a  total  of  218  cases  of  sudden  cardiac 
death  and  probable  cardiac  death  have  been  obtained.  One  hundred  fifty  cases 
have  had  extensive  cardiovascular  pathologic  examinations.  Eighty  controls, 
including  23  persons  who  survived  myocardial  infarction,  have  been  studied. 
Progress  has  been  accomplished  in  setting  up  the  data  retrieval  system  and 
several  computer  analyses  have  been  made  for  the  identification  of  important 
variables.  Smoking  appears  to  be  an  important  risk  factor  for  sudden  cardiac 
death.  Eighty  percent  of  the  victims  died  within  one  hour  of  the  onset  of 
symptoms  and  approximately  two-thirds  of  the  total  deaths  were  witnessed. 
Although  various  prodromata  occurred,  their  significance  remains  unclear  to 
date.  In  the  autopsy  cases,  50%  showed  evidence  of  fresh  occlusion  of  a 
coronary  artery  but  only  17%  had  evidence  of  acute  myocardial  infarction. 
A  detailed  study  of  the  conducting  system  in  certain  sub-groups  of  sudden 
death  cases  will  be  performed.  As  information  is  sent  from  the  other 
collaborating  centers,  data  will  be  entered  into  the  computer  and  analyzed. 
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University  of  Washington 

Contract  No.  NIH-NHLI-71-2474 

Contract  Amount:  $482,638  (6/30/71  to  6/29/73) 

Principal  Investigator:  Harold  T.  Dodge,  M.D. 

In  this  contract  the  study  of  sudden  cardiac  death  is  being  approached  in 
several  ways.  In  one  project  the  subjects  are  patients  who  are  resuscitated 
from  ventricular  fibrillation  outside  the  hospital  by  emergency  rescue  teams 
of  the  fire  department  and  subsequently  undergo  stress  electrocardiography, 
ambulatory  ECG  monitoring,  coronary  arteriograms  and  long-term  follow-up. 
This  mobile  unit  has  encountered  659  cases  of  ventricular  fibrillation  since 
the  inception  of  the  study.  Approximately  36%  were  resuscitated  and  13%  of  the 
Original  group  lived  to  leave  the  hospital  as  long-term  survivors.  Studies 
indicate  a  high  incidence  of  arrhythmias  and  recurrence  of  "sudden  death"  in 
these  survivors,  particularly  in  those  without  a  detectable  recent  myocardial 
infarction.  Only  approximately  one-half  of  the  resuscitated  patients  have 
detectable  myocardial  infarction.  Intensive  follow-up  of  the  survivors, 
including  psychometric  testing  and  antiarrhythmic  therapy,  is  in  progress. 
In  another  project  in  a  large  middle-aged  population,  electrocardiograms 
obtained  during  graded  exercise  are  being  assessed  as  prognostic  indicators 
of  sudden  cardiac  death.  Approximately  2,755  subjects  have  been  enrolled  in 
this  exercise  study  and  exercise  ECG  data  analyzed  by  a  central  computer 
facility.  There  have  been  three  complications  of  maximal  exercise  testing, 
but  no  fatalities.  In  a  collaborative  study  of  all  patients  in  the  community 
undergoing  coronary  angiography,  correlations  are  being  made  between  stress 
electrocardiography  and  results  in  long-term  follow-up.  Coronary  arteriographic 
data  on  400  new  patients  have  been  added  to  the  study  and  all  cardiac  diagnostic 
laboratories  in  the  Seattle  area  have  been  organized  into  a  standard  reporting 
and  follow-up  system.  A  central  angiocardiographic  laboratory  for  evaluation 
of  ventricular  function  has  been  established.  End  points  are  occurring  at  the 
rate  of  about  5-10%  per  year.  For  all  projects  persons  sustaining  sudden 
cardiac  death  have  clinical  pathological  correlations.  Radio-monitoring  of 
the  area's  ambulance  system  has  achieved  a  high  yield  of  autopsy  cases  from 
the  medical  examiners'  offices.  Studies  have  been  completed  on  22  victims 
of  sudden  death,  and,  in  addition,  50  patients  who  were  previously  entered 
into  the  study  have  been  autopsied.  Acute  oral  administration  of  procainamide 
has  been  studied  for  its  effect  on  exercise  related  arrhythmias.  A  significant 
reduction  in  these  arrhythmias  has  been  produced  by  doses  of  one  gram  or 
greater  with  significant  relationship  between  the  plasma  concentration  of 
procainamide  and  the  reduction  in  the  frequency  and  severity  of  these 
arrhythmias.  Procainamide  also  lowers  the  pulse  rate  product  at  maximum 
exercise  and  lessens  ST  segment  depression.  Information  will  continue  to 
be  gathered  on  this  multi faceted  approach  to  sudden  cardiac  death.  Long- 
term  follow-ups  are  planned. 
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Kaiser  Foundation  Research  Institute  (Oakland) 

Contract  No.  NIH-NHLI-71-2477 

Contract  Amount:     $151,410  (6/16/71  through  6/15/73) 

Epidemiologic  methods  and  chart  reviews  have  been  conducted  to  identify  214 
cases  of  sudden  cardiac  death  and  464  cases  of  acute  myocardiac  infarction 
and  to  search  for  personal  characteristics  or  risk  factors  for  these  events 
Data  from  multiphasic  examinations  on  250,000  patients  in  the  Kaiser 
Permanente  Clinics  have  been  used  for  the  retrospective  study.  Analyses  are 
incomplete  at  present,  but  preliminary  results  point  to  known  "risk  factors", 
indicate  a  negative  correlation  with  family  history  of  cancer,  and  implicate 
abnormal  pulmonary  findings  at  the  time  of  examination  as  predisposing  to 
either  sudden  death  or  acute  myocardial  infarction.  During  the  final  year 
of  work  these  evaluations  will  be  completed. 

Health  and  Hospitals  Governing  Commission  of  Cook  County  (111.) 

Contract  No.  NIH-NHLI-71-2478 

Contract  Amount:  $144,884  (6/30/71  to  6/29/73) 

Principal  Investigator:  Kenneth  Rosen,  M.D. 

Atrial  pacing  and  His  bundle  recordings  are  being  used  to  study  patients  with 
chronic  bifascicular  block  to  define  risk  factors  for  sudden  cardiac  death. 
One  hundred  seventy-seven  patients  with  intact  atrioventricular  conduction 
and  bifascicular  disease  have  been  entered  into  this  study.  Information  on 
these  patients  has  been  keypunched  and  entered  into  a  computer  data  base. 
Although  most  patients  in  this  study  belong  to  the  sub-set  with  right  bundle 
branch  block  and  left  axis  deviation,  none  has  developed  documented 
spontaneous  progression  of  disease  to  complete  heart  block.  Progression 
of  conduction  disturbances,  with  and  without  symptoms,  in  these  various 
subgroups  has  occurred  but  has  been  due  to  hyperkalemia,  sinus  node  disease 
and  atrioventricular  node  disease.  Patients  with  left  bundle  branch  block 
have  the  highest  mortality  but  this  appears  to  reflect  advanced  heart  disease 
or  the  effects  of  sudden  ischemia  rather  than  profression  to  trifascicular 
block.  Post  mortem  serial  sections  of  the  conduction  system  have  been 
performed  in  three  patients.  These  studies  confirm  a  close  correlation 
between  electrophysiological  studies  and  pathological  lesions.  Serial 
section  studies  are  now  in  progress  in  three  additional  patients.  This  study 
will  continue  to  add  approximately  125  new  patients  each  year  and,  if  a  suit- 
able high-risk  group  is  defined,  the  effects  of  prophylactic  demand  pacing 
in  regard  to  favorable  modification  of  life  history  will  be  studied. 
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New  England  Medical  Center  Hospitals 

Contract  No.  NIH-NHLI-71-2479 

Contract  Amount:  $94,693  (6/30/71  to  6/29/73) 

Principal  Investigator:  Herbert  J.  Levine,  M.D. 

It  has  long  been  known  that  transient  ischemic  episodes  are  associated  with 
electrical  instability  and  are  a  possible  cause  of  sudden  cardiac  death  in 
man.  To  define  more  carefully  the  electrophysiological  and  hemodynamic  con- 
sequences of  transient  ischemia  and  to  permit  evaluation  of  drug  regimens 
designed  to  limit  their  seriousness,  experiments  are  being  conducted  in  an 
animal  model  with  transient  ischemia.  The  incidence  of  spontaneous  ventricular 
tachycardia  and/or  fibrillation  (VT/VF)  has  been  found  to  be  high  immediately 
after  the  onset  of  ischemia  and  to  decrease  with  the  duration  of  the  ligation; 
conversely,  the  incidence  of  VT/VF  following  release  was  directly  related  to 
the  duration  of  ligation.  Active  contractions  cease  within  minutes  of  the 
onset  of  ischemia.  With  reperfusion,  strength  returns  to  baseline  levels, 
but  contraction  and  relaxation  are  greatly  prolonged.  With  longer  ligations, 
dispersion  of  recovery  periods  in  surface  regions  decreased  and  was  not 
increased  with  reperfusion.  Further  studies  will  evaluate  dispersion  across 
the  ventricular  wall  and  the  possible  role  of  regional  temperature  changes 
in  the  instability  observed  with  reperfusion. 


Baylor  College  of  Medicine 


Contract  No.  NIH-NHLI-71-2480 

Contract  Amount:  $234,594  (6/30/71  to  6/29/73) 

Principal  Investigator:  Henry  D,  Mcintosh,  M.D. 


Peter  Kellaway,  Ph.D. 


This  project  has  attempted  to  determine  whether  the  incidence  of  arrhythmias 
and  subsequent  sudden  cardiac  death  is  affected  by  sleep.  A  unique  system 
for  monitoring  the  EEG,  ECG  and  EOG  of  patients  on  a  long-term  (72  hours) 
basis  and  for  evaluating  the  EEG  and  EOG  automatically  on-line  has  been 
developed  to  study  patients  with  acute  myocardial  infarction  in  the  CCU. 
Analysis  on  the  first  twenty  patients  studied  showed  that  the  incidence  of 
PVC's  was  highest  in  the  first  24  hours  after  admission,  with  a  slightly 
higher  incidence  during  sleep  than  during  waking.  Despite  this  slight 
trend,  and  despite  the  technical  success  of  the  analytic  system,  results 
from  this  preliminary  study  indicate  that  further  analysis  of  these  patients 
would  not  give  significant  results.  Further  studies  on  the  relationship 
between  arrhythmias  and  sleep  with  this  system  are  in  progress  in  other 
patient  groups. 

Washington  University 

Contract  No.  NIH-NHLI-71-2481 

Contract  Amount:  $470,671  (6/30/71  to  6/29/73) 

Principal  Investigator:  G.  Charles  Oliver,  M.D. 

Ambulatory,  periodic,  long-term  ECG  recordings  and  off-line  computer  analysis 
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are  being  used  to  study  ventricular  arrhythmias  in  patients  with  known  coronary 
artery  disease  as  well  as  controls.  A  total  of  130  patients  surviving  myo- 
cardial infarction  are  presently  under  study  and  over  900  ambulatory  ECG 
recordings  have  been  obtained.  These  have  been  qualitatively  scanned  by 
manual  methods  and  classified  into  Lown  categories.  Analyses  show  that 
these  patients  are  very   heterogeneous  as  far  as  ventricular  arrhythmias  are 
concerned  and  that  the  pattern  of  ventricular  arrhythmias  appears  to  be 
relatively  stable  in  most  patients  over  a  nine  month  period.  Recordings 
from  a  control  population  have  shown  that  in  general  they  have  a  much 
lower  classification,  but  a  significant  proportion  have  serious  ventricular 
arrhythmias,  including  ventricular  tachycardia.  Efforts  are  continuing  to 
develop  an  automatic  off-line  method  for  analysis  of  electrocardiograms. 
Argus/H,  a  computer  system  for  quantitative  high-speed  analysis,  has  progressed 
from  the  planning  stage  to  a  point  where  some  initial  results  have  been 
obtained.  Algorithms  from  the  clinical  Argus  system  have  been  implemented 
in  a  mixture  of  hardware  and  software  for  operation  at  sixty  times  real  time. 
An  IBM  System/7  computer  has  become  the  central  processor  of  the  Argus/H 
system.  The  primitive  and  cycle  processing  stage  of  Argus/H  has  been  coded 
in  System/7  assembly  language.  Aztec,  the  first  Argus  processing  stage,  has 
been  constructed  from  macromodules.  The  Aztec  system  has  processed  10  hour 
ECG  tapes  at  sixty  times  realtime  to  produce  a  digital  tape  of  Aztec  data. 
These  tapes  have  been  scanned  by  the  System/7  at  speeds  well  in  excess  of 
sixty  times  real  time.  Initial  results  indicate  that  the  system  already  far 
exceeds  capabilities  and  reliability  of  completely  manual  scanning  in  detecting 
episodes  of  ventricular  arrhythmias.  Future  studies  will  include  more 
monitoring  on  myocardial  infarction  survivors  and  further  development  of  a 
computerized  ECG  analysis  system.  A  short-term  trial  of  quinidine,  procain- 
amide, di phenyl hydantoin  and  placebo  in  a  group  of  ambulatory  post  myo- 
cardial infarction  patients  will  test  the  efficacy  of  these  commonly  used 
agents  in  an  outpatient  population. 

Lei  and  Stanford  Jr.  University 

Contract  No.  NIH-NHLI-71-2482 

Contract  Amount:  $159,991  (6/30/71  to  6/29/73) 

Principal  Investigator:  Donald  C.  Harrison,  M.D. 

A  special  study  unit  has  been  established  in  the  coronary  care  unit  at 
Stanford  for  study  of  patients  with  "impending  myocardial  infarction  syndrome". 
Forty  such  patients  have  been  evaluated  by  history,  physical  exam,  careful 
monitoring  of  ECG  and  hemodynamics,  and  selective  coronary  arteriography. 
Despite  the  ominous  clinical  presentation  of  severe  angina  pectoris,  all 
but  one  patient  had  normal  hemodynamic  findings  when  free  of  pain  at  rest. 
Six  (15%)  at  arteriography  had  no  coronary  obstruction  or  obstructions 
not  regarded  as  serious  or  sufficient  to  account  for  the  clinical  pre- 
sentation. Three  distinct  patterns  of  clinical,  ECG,  and  hemodynamic 
findings  have  been  associated  with  episodes  of  chest  pain  at  rest.  In 
the  first  only  mild  tachycardia  was  associated  with  pain;  in  the  second, 
only  peripheral  blood  pressure  was  altered,  and  may  have  risen  before  the 
appearance  of  pain;  in  the  third,  both  peripheral  and  pulmonary  wedge 
pressures  rose  with  pain.  In  neither  of  the  latter  two  groups  was  heart  rate 
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elevated.  The  investigators  plan  to  continue  observations  in  similar  patients 
to  delineate  more  clearly  the  sequence  of  events  precipitating  pain  at  rest 
and  if  possible  to  define  its  proximal  causes.  In  addition,  suitable  patients 
are  being  entered  into  the  randomized  trial  of  medical  and  surgical  therapy 
for  unstable  angina  pectoris. 

Survival  Technology,  Inc.  (Bethesda,  Md.) 

Contract  No.  NIH-NHLI-71-2515 

Contract  Amount:  $36,500  (6/16/71  to  6/15/73) 

Principal  Investigator:  Stanley  Sarnoff,  M.D. 

This  project  has  continued  to  serve  as  the  coordinator  for  the  trial  of 
prophylactic  atropine  and  lidocaine  administered  intramuscularly  to  patients 
suspected  of  having  acute  myocardial  infarction.  In  addition,  the  investi- 
gators have  served  as  advisors  to  the  Clinical  Cardiac  Diseases  Branch  on 
several  topics  in  this  field. 

Meadowbrook  Education  and  Research  Foundation,  Inc.  (Nassau  County,  N.Y.) 

Contract  No.  NIH-NHLI-71-2518 

Contract  Amount:  $18,713  (6/30/71  to  6/29/73) 

Principal  Investigator:  Costas  T.  Lambrew,  M.D. 

Patients  with  symptoms  suggestive  of  an  acute  myocardial  infarction  are  seen 
by  specially-trained  paramedical  personnel  in  ambulances  operated  by  the 
Nassau  County  Police  Department  Rescue  Service.  Telemetered  ECG  signals  of 
high  quality  are  relayed  to  the  central  monitoring  facility  in  the  emergency 
room  of  the  Nassau  County  Hospital  (SUNY  Meadowbrook)  where  a  physician 
reviews  the  ECG  and  directs  the  paramedics  in  patient  care  during  transport 
to  the  hospital.  Intramuscular  atropine  and  lidocaine  have  been  administered 
to  patients  in  the  ambulances  when  indicated.  A  randomized  trial  of  the 
efficacy  of  intramuscular  lidocaine  given  prophylactically  to  patients  to 
prevent  the  development  of  ominous  or  lethal  arrhythymias  is  underway,  but 
results  are  still  preliminary.  The  Nassau  County  Police  Department  and  the 
hospital  will  fully  incorporate  the  study  into  their  operations  at  the  end 
of  the  current  contract  period. 

Yale  University 

Contract  No.  NIH-NHLI-71-2519 

Contract  Amount:  $13,800  (6/30/71  to  1/29/73) 

Principal  Investigator:  Lawrence  Cohen,  M.D. 

This  project  was  part  of  the  feasibility  study  of  the  collaborative  random- 
ized trial  of  the  prophylactic  use  of  intramuscular  atropine  and  lidocaine 
in  patients  with  symptoms  of  acute  myocardial  infarction  to  determine  whether 
these  agents  would  be  effective  in  preventing  the  development  of  hypotension. 
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or  the  appearance  of  ominous  or  lethal  arrhythmias.  Although  a  tentative 
collaborative  protocol  was  prepared,  implementation  of  this  study  in  the 
immediate  future  does  not  appear  feasible. 

University  of  Pennsylvania 

Contract  No.  NIH-NHLI-71-2521 

Contract  Amount:  $23,012  (6/30/71  to  2/28/73) 

Principal  Investigator:  John  A.  Kastor,  M.D. 

This  contract  was  part  of  the  collaborative  evaluation  of  the  prophylactic 
administration  of  intramuscular  atropine  and  lidocaine  to  patients  suspected 
of  acute  myocardial  infarction.  To  provide  needed  preliminary  information, 
studies  were  first  performed  to  determine  the  dose-response  relations  of 
intramuscular  atropine,  especially  in  terms  of  heart  rate  and  side  effects. 
In  addition,  a  "single-blind",  randomized  crossover  trial  was  performed  to 
evaluate  the  effectiveness  of  atropine  when  administered  intramuscularly  via 
an  automatic  injector  in  comparison  with  standard  intravenous  and  intra- 
muscular modalities.  Use  of  the  automatic  injector  resulted  in  equivalent 
rises  in  heart  rate  to  those  achieved  with  other  modes,  but  the  time  course 
of  events  was  intermediate  between  that  of  intravenous  injection  (the 
fastest)  and  standard  intramuscular  injection  (the  slowest).  No  significant 
side  effects  were  seen.  Due  to  logistical  problems,  the  evaluation  of 
intramuscular  atropine  or  lidoceine  in  the  earliest  phases  of  acute  myo- 
cardial infarction  will  not  be  undertaken. 


Binnengasthuis  Hospital  (Amsterdam) 

Contract  No.  NIH-NHLI-72-2907 

Contract  Amount:  $9,500  (5/31/72  to  5/30/73) 

Principal  Investigator:  A.J.  Dunning,  M.D. 

Lidocaine  is  a  very  useful  drug  in  acute  myocardial  infarction  but  has 
generally  been  thought  dangerous  for  patients  with  disturbances  of  atrio- 
ventricular conduction.  Twenty  patients  with  AV  disturbances  and  either 
chronic  ischemic  heart  disease  (16)  or  acute  myocardial  infarction  (4)  have 
had  parameters  of  cardiac  conduction  evaluated  at  rest  and  with  atrial  pacing. 
Both  intravenous  and  intramuscular  injections  of  lidocaine  were  studied  with 
determination  of  subsequent  arterial  and  venous  blood  levels.  Toxic  levels 
of  lidociane  were  seen  only  after  intravenous  injections  and  were  even  then 
only  occasionally  associated  with  decreased  conduction  or  block  below  the 
bundle  of  His,  No  deterioration  of  conduction  was  noted  in  patients  after 
intramuscular  injections  of  lidocaine,  even  in  four  patients  with  third 
degree  heart  block.  Though  these  early  studies  imply  that  intramuscular 
lidocaine  is  safe  in  patients  with  acute  myocardial  infarction  and  AV  block, 
a  larger  number  of  studies  in  patients  with  acute  myocardial  infarction  must 
first  be  conducted. 
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ACUTE  MYOCARDIAL  INFARCTION  -  MYOCARDIAL  INFARCTION  RESEARCH  UNITS 

Over  the  past  year  the  major  goal  of  the  nine  Myocardial  Infarction  Research 
Units  has  shifted  from  a  primary  emphasis  on  the  description  of  the  natural 
disease  course  to  the  implementation  of  interventions  which  modify  the  acute 
disease  process.  This  new  direction  has  been  made  possible  by  previous 
investigations  of  the  natural  course  of  the  disease,  and  by  developments  in 
the  biochemistry  and  physiology  laboratories  which  have  identified  accurate 
ways  to  determine  the  state  of  the  diseased  myocardium,  to  predict  the  course 
of  the  acute  process,  and  to  prevent  further  deterioration  of  myocardial 
function  and  eventual  cell  death. 

To  determine  the  effects  of  interventions  various  new  methodologies  have  been 
developed  and  together  with  previously  developed  techniques  have  been 
implemented  in  the  clinical  and  laboratory  areas.  These  methods  have  included 
better  ways  to  assess  intracardiac  and  intravascular  pressures,  thermodilution 
techniques,  ultrasound  scanning,  radioisotope  imaging  with  gamma  and  positron 
cameras,  body  surface  mapping  of  electrical  potentials,  new  and  improved 
automated  arrhythmia  analysis  systems,  improved  methods  of  measuring  blood 
levels  of  total  and  cardiac  specific  enzymes,  radioimmunoassays,  and  improved 
pathology  techniques.  These  methods  now  permit  the  more  rapid  and  accurate 
assessment  of  total  and  regional  myocardial  function,  measurement  of  heart 
size,  determination  of  wall  motion,  the  status  of  nutrient  blood  flow  to 
heart  muscle,  the  amount  of  ischemia  or  cell  death,  the  occurrence  of 
arrhythmias,  and  the  status  of  the  coronary  artery  circulation.  With  this 
vastly  expanded  base  of  information,  a  wide  variety  of  interventions  which 
could  modify  the  acute  event  are  being  evaluated  in  clinical  and  laboratory 
studies.  At  the  same  time  efforts  are  being  directed  to  the  development  of 
new  and  even  more  promising  means  of  assessing  and  modifying  the  acute  process. 

A  major  development  in  hemodynamic  monitoring  in  the  past  year  has  been  the 
clinical  implementation  of  interactive  computer  systems.  Essentially 
instantaneous  return  of  information  to  the  investigator  at  the  bedside  is 
now  possible  at  each  of  the  units  with  trend  analyses  and  calculation  of 
derived  parameters.  This  highly  interactive  capability  between  the  patient, 
the  computer,  and  the  investigator,  permits  a  rapid  assessment  of  the  effect 
of  an  intervention  and  determination  of  possible  new  courses  of  action. 

The  use  of  various  thermodilution  techniques  has  been  of  significant  advantage 
for  routine  patient  studies.  This  indicator  is  essentially  non-toxic  and 
can  be  used  for  multiple  closely-spaced  serial  studies.  The  most  widely 
applied  use  of  thermodilution  at  the  present  time  is  in  the  determination 
of  serial  cardiac  output  measurements.  Blood  temperature  changes  are 
directly  converted  into  cardiac  output  measurements  by  computer.  Another 
application  of  thermodilution  in  many  of  the  clinical  studies  has  been  in 
the  determination  of  coronary  sinus  blood  flow  as  an  indicator  of  total 
coronary  artery  blood  flow.  Thermodilution  has  also  been  tested  and  used 
in  a  limited  number  of  studies  for  the  determination  of  left  ventricular 
volumes  by  "wash-out"  techniques. 
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Ultrasound  is  a  non-invasive  technique  which  has  been  utilized  in  many  of  the 
serial  clinical  studies  to  determine  left  ventricular  volumes,  segmental  wall 
motion,  left  ventricular  myocardial  thickness,  and  valve  motion.  The  analysis 
of  the  ultrasound  signals  has  been  automated  and  rapid  on-line  analysis  of 
the  complex  signals  is  now  possible.  Although  ultrasound  is  still  limited 
in  its  clinical  use  by  the  influence  of  non-contracting  portions  of  the  myo- 
cardium, efforts  have  been  made  to  overcome  this  limitation  by  looking  at 
only  the  end-diastolic  portion  of  the  cardiac  cycle  and  by  the  implementation 
of  better  scanning  techniques. 

One  of  the  more  exciting  advances  in  the  recent  year  has  been  the  rapid 
development  in  methodology  to  image  the  heart  with  radioisotopes.  Clinically, 
isotope  scans  of  the  ventricular  cavities  have  proven  to  be  a  reliable  non- 
invasive method  of  assessing  changes  in  heart  volume  during  the  various 
phases  of  the  cardiac  cycle.  An  excellent  correlation  has  been  shown  with 
contrast  x-ray  techniques  which  are  considerably  more  difficult  to  perform 
and  cannot  be  carried  out  on  the  acute  care  hospital  ward.  Also  in  the  past 
year  direct  evaluation  of  blood  flow  to  the  myocardium  and  status  of  the 
myocardial  cells  have  been  achieved  by  the  use  of  intravenous  radioactive 
compounds.  These  compounds  can  identify  normal  and  abnormal  areas  of  the 
myocardium  and  are  a  potentially  yery   useful,  safe  method  for  determining 
size  of  infarction,  change  in  infarct  size,  and  status  of  the  coronary 
circulation. 

The  clinical  use  of  enzyme  determinations  have  also  shown  marked  advances  in 
the  recent  year.  For  the  diagnosis  of  myocardial  infarction,  the  cardiac 
specific  isoenzyme  of  creatine  phosphokinase  continues  to  be  a  reliable  and 
sensitive  indicator  of  myocardial  cell  injury.  Use  of  this  isoenzyme  can  be 
accurate  even  with  major  coronary  artery  surgery  when  other  enzyme  systems 
have  proven  to  be  grossly  inaccurate.  For  calculations  of  infarct  size, 
the  "CPK  gram  equivalent  infarct  size"  determined  from  serial  blood  enzyme 
levels  have  shown  good  correlations  with  directly  measured  infarcts  in 
animals  and  with  the  clinical  course  in  patients.  For  prognosis,  "CPK  gram 
equivalent  infarct  size"  has  been  able  to  separate  various  subgroups  of 
patients  within  the  same  clinical  and  hemodynamic  classifications.  Probably 
the  most  important  use  of  the  blood  enzyme  levels  in  clinical  studies  has 
been  in  the  prediction  of  eventual  infarct  size.  Predicted  infarct  size  can 
be  calculated  early  in  the  disease  course  and  then  modified  by  various 
interventions. 

Another  method  for  determining  size  of  myocardial  infarction  and  change  in 
infarct  size  is  body  surface  mapping  for  changes  in  ST  segment  which  has 
continued  to  be  a  useful  technique  for  rapidly  assessing  the  effects  of 
interventions  and  the  course  of  the  acute  disease  process.  The  effects  of 
many  interventions  have  been  assessed  by  this  method  both  in  the  animal 
laboratory  and  in  the  clinical  setting. 

Automated  arrhythmia  analysis,  which  has  been  a  major  goal  of  many  of  the 
units,  is  now  available  for  clinical  studies.  Standards  are  being  set  for 
significant  arrhythmias  and  the  modification  of  these  arrhythmias  by  various 
interventions  determined. 
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In  pathology,  the  correlations  between  morphologic  changes  and  clinical 
course  has  continued.  These  studies  have  been  essential  in  understanding  the 
clinical  course  of  the  patient  and  have  been  an  inherent  part  of  many  of  the 
laboratory  investigations.  In  the  past  year  phase  contract  microscopy  has 
been  utilized  to  evaluate  saphenous  vein  bypass  grafts  and  scanning  electro- 
microscopy  to  analyze  in  more  detail  cardiac  muscle  morphology. 

With  the  addition  of  these  more  sensitive  indicators  of  muscle  damage  and 
patient  response,  various  acute  intervention  trials  are  now  in  progress. 
In  the  area  of  assisted  circulation,  both  intra-aortic  and  external  counter- 
pulsation systems  are  under  evaluation.  The  effects  of  intra-aortic  balloon 
counterpulsation  in  acute  cardiogenic  shock  have  been  relatively  well  deter- 
mined. Although  some  positive  effects  are  seen,  the  eventual  course  of 
the  patient  is  still  quite  poor  even  when  the  shock  state  is  reversed.  At 
the  present  time  both  the  intra-aortic  and  external  systems  are  being  tried 
in  less  acutely  ill  patients.  In  surgery,  both  the  physiologic  and  long-term 
effects  of  coronary  bypass  grafts  are  being  tested  and  a  randomized  study  of 
medical  versus  combined  surgical  and  medical  therapy  in  unstable  angina  is  in 
progress.  In  the  field  of  drug  therapy,  various  agents  which  reduce  left 
ventricular  afterload  such  as  nitroglycerin,  nitroprusside,  regitine,  and 
trimethaphan  appear  to  be  parti cuarly  beneficial  in  patients  with  acute  hyper- 
tensive responses  in  association  with  their  acute  myocardial  infarction. 
These  hypotensive  agents  also  may  be  effective  in  normotensive  patients  and 
patients  with  cardiogenic  shock.  Other  therapeutic  agents  under  investigation 
include  glucose-potassium-insulin  solutions,  hyperosmolar  agents,  beta-blockers, 
digitalis,  furosemide,  volume  expansion,  and  various  antiarrhythmic  agents. 

In  the  basic  science  laboratory  various  new  developments  are  in  progress. 
These  studies  are  primarily  directed  at  understanding  the  mechanisms  of  cell 
injury  and  death  in  ischemia  and  the  various  ways  in  which  this  process  can 
be  ameliorated. 

As  a  result  of  these  MIRU  investigations,  a  significant  change  in  the  routine 

management  of  patients  with  acute  myocardial  infarction  is  evolving.  These 

changes  have  already  had  a  significant  influence  on  the  standard  care  of  the 
acute  myocardial  infarction  patient  around  the  country. 
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Uni  vers i  ty  of  AT  abama 

Contract  No.  PH-43-NHLI -67-1 441 

Contract  Amount:  $3,701,941  {e/Z9/^l   to  6/28/73) 

Principal  Investigator:  Charles  E.  Rackley,  M.D. 

A  major  interest  of  this  unit  has  been  the  clinical  and  hemodynamic 
characterization  of  the  patient  suffering  acute  myocardial  infarction,  with 
the  goal  of  describing  the  natural  history  and  left  ventricular  performance 
during  acute  MI.  These  studies  have  focused  on  the  alteration  of  ventricular 
function  curves  (by  volume  expansion)  and  correlation  with  the  echocardiogram. 
Volume  expansion  increases  stroke  index,  but  this  is  not  reflected  in  a  change 
Jn  the  "triple  product"  (heart  rate  x  systolic  ejection  time  x  systolic  pressure), 
Using  the  initial  cardiac  index  and  left  ventricular  filling  pressure,  these 
investigators  have  been  able  to  delineate  four  subsets  of  cardiogenic  shock, 
with  mortalities  of  13%,  63%,  92%  and  100%.  Studies  to  evaluate  the  metabolic 
and  hemodynamic  effects  of  diverse  interventions  are  underway.  Unstable  angina 
has  been  show  to  have  a  72%  14-month  mortality,  and  this  unit  is  actively 
participating  in  the  cooperative  MIRU  study.  The  pathophysiology  of  cardiac 
arrhythmias  is  under  intense  investigation,  with  data  suggesting  that  there 
are  no  discrete  anatomical  fascicles  of  the  left  bundle.  The  effects  of 
morphine  on  the  sinus  node  have  been  tested,  and  the  blood  supply  to  the 
AV  node  has  been  described.  A  hypertensive  reflex  from  the  base  of  the  left 
ventricle  is  being  actively  investigated.  Pathology  provides  necessary 
correlation  with  the  clinical  studies.  The  follow-up  of  patients  undergoing 
coronary  artery  bypass  surgery  has  revealed  an  11 -month  graft  patency  rate  of 
69%,  but  treadmill  exercise  studies  have  suggested  the  persistence  of  ischemic 
myocardium  despite  symptomatic  improvement  and  patent  grafts.  Computer 
applications  include  hemodynamic  monitoring,  echocardiographic  analysis, 
arrhythmia  analysis,  and  analysis  of  the  biplane  cineangiogram. 

University  of  California,  San  Diego 

Contract  No.  PH-43-NHLI-68-1332 

Contract  Amount:  $3,578,540  (6/28/68  to  6/27/73) 

Principal  Investigator:  Burton  E.  Sobel ,  M.D. 

A  major  goal  of  this  MIRU  has  been  to  assess  methods  for  the  measurement  of 
myocardial  infarction  size  and  to  study  factors  which  may  modify  the  size  of 
the  if farction.  Epicardial  and  surface  EC6  ST  segment  mapping  techniques  and 
serum  samples  of  creatine  phosphokinase  (CPK)  have  been  used  to  determine 
infarct  size.  Serum  CPK  values  early  after  infarction  can  be  used  to  predict 
eventual  infarct  size,  thus  permitting  the  use  of  each  animal  or  human  as  its 
own  control  in  studies  of  the  effect  of  interventions  on  infarct  size. 
Attempts  to  validate  these  methods  have  been  performed  in  conscious  and  open- 
chest  dog  studies  as  well  as  in  humans.  In  humans,  calculated  infarct  size 
correlates  well  with  prognosis;  patients  with  an  infarct  size  greater  than 
50  CPK  gram-equivalents  have  a  much  higher  mortality.  Attempts  are  now  being 
made  to  further  redefine  this  serum  CPK  method  by  quantitative  analysis  of 
the  heart  specific  CPK  iso-enzyme  rather  than  the  total  CPK,  A  shift  to  the 
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right  of  the  oxyhemoglobin  dissociation  curve  has  been  identified  during 
acute  myocardial  infarction.  Radioisotope  angiocardiography  has  undergone 
refinements  to  improve  resolution  and  has  been  used  extensively  for  the 
study  of  sequential  changes  in  ventricular  function.  Alterations  of  infarct 
size  by  propranolol,  aortic  balloon  counterpulsation,  external  circulatory 
assist,  and  glucose-insulin-potassium  have  been  demonstrated.  In  human 
studies  infarct  size  has  been  shown  to  be  reduced  by  both  external  counter- 
pulsation and  trimethaphan  administration.  Experimental  studies  on  the 
prevention  of  myocardial  infarction  have  shown  that  early  reperfusion  can 
prevent  myocardial  infarction,  although  hemorrhagic  necrosis  may  occasionally 
occur.  Clinical  and  experimental  data  on  all  MIRU  patients  have  now  been 
entered  into  a  computerized  filing  system;  on-line  hemodynamic  studies 
are  interfaced  with  the  computer;  and  computer  programs  to  determine  on-line 
changes  in  infarct  size  by  either  ST  segment  mapping  or  serial  enzymes 
are  in  use.  Scanning  electronmicroscopy  has  been  utilized  to  study  ultra- 
structural  changes  in  ischemic  myocardium.  Studies  on  both  hemodynamic  and 
electrophysiologic  correlations  with  the  extent  of  coronary  collaterals  are 
being  made.  Myocardial  revascularization  in  selected  patients  with  pre- 
infarction angina  has  produced  good  results  with  a  very  low  mortality. 

Cedars-Sinai  Medical  Center 

Contract  No.  PH-43-NHLI-68-1333 

Contract  Amount:  $2,851,246  (6/28/68  to  6/27/73) 

Principal  Investigator:  H.J.C.  Swan,  M.D. 

The  thermodilution  cardiac  output  catheter  and  coronary  sinus  blood  flow  catheter 
have  been  used  extensively  to  gather  data  for  correlating  hemodynamic  and 
myocardial  blood  flow  responses  to  virtually  all  commonly  employed  thera- 
peutic interventions  including  inotropic  agents,  diuretics,  vasodilators, 
beta  blockers,  oxygen,  external  counterpulsation,  and  volume  loading. 
Clinical  improvement  in  a  subset  of  high  risk  patients  with  myocardial 
infarction  has  been  achieved  by  simultaneous  administration  of  external 
circulatory  assist  and  reduction  of  afterload  by  sodium  nitroprusside.  In 
animal  studies  selective  occlusion  of  major  coronary  vessels  with  closed 
chest  techniques  can  be  performed  by  the  newly  developed  intracoronary  balloon 
catheter.  This  technique  facilitates  reperfusion  experiments  and  avoids  injury 
to  nerves  which  course  along  the  coronary  vessels.  Other  animal  experiments 
have  shown  that  measurement  of  the  "pressure-length  loop"  is  a  highly  repro- 
ducible method,  which  corresponds  well  to  pressure-volume  measurements,  and 
can  be  used  to  correlate  segmental  with  overall  myocardial  function  during 
ischemia  and  following  therapeutic  interventions.  Studies  have  shown  that 
coronary  blood  flow  in  patients  with  coronary  heart  disease  may  be  normal  at 
rest  and  that  the  overall  flow  may  increase  during  increased  metabolic  demands. 
Techniques  are  now  underway  to  develop  methods  for  selective  drainage  of 
ischemic  portions  of  the  ventricle  to  more  accurately  study  coronary  blood 
flow  and  metabolic  changes  under  various  conditions.  In  patients  with 
myocardial  infarction,  digitalis  produces  a  hemodynamic  improvement  of  only 
modest  nature  and  this  is  associated  with  an  increase  in  coronary  blood  flow 
and  myocardial  oxygen  consumption.  Plasma  cyclic  AMP  levels  may  be  of  pro- 
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gnostic  value  and  provide  a  more  accurate  parameter  of  the  total  body  response 
to  myocardial  injury.  Computer  applications  to  on-line  hemodynamic  measure- 
ments have  been  further  refined  and  have  been  extended  to  measurements  of 
ventricular  function,  intracardiac  electrophysiologic  studies  and  patient 
follow-up  data. 

University  of  Chicago 

Contract  No.  PH-43-NHLI-68-1334 

Contract  Amount:  $2,450,871  (6/28/68  to  6/25/73) 

Principal  Investigator:  Leon  Resnekov,  M.D. 

Thorough  clinical  and  hemodynamic  assessments  are  carried  out  on  patients 
admitted  with  suspected  acute  myocardial  infarction  and  are  correlated  with 
the  subsequent  clinical  course,  including  documentation  of  the  effects  of 
common  therapeutic  modalities  such  as  digitalis,  furosemide,  oxygen,  and  anti- 
arrhythmic agents.  One  potentially  valuable  modality  for  reducing  the 
extent  of  infarction  and  salvaging  patients  with  deteriorated  hemodynamic 
status  is  external  circulatory  assist,  and  this  MIRU  is  investigating  its 
value  in  many  clinical  circumstances.  Echocardiography  is  being  evaluated  as 
a  non-invasive  means  of  assessing  cardiac  function  serially  in  patients 
with  acute  myocardial  infarction.  As  part  of  a  general  follow-up  program,  a 
study  is  underway  of  the  effects  of  early  activation  and  early  discharge  on 
selected  uncomplicated  patients  with  acute  myocardial  infarction.  The  unique 
opportunity  offered  by  the  presence  of  a  cyclotron  in  this  hospital  has 
facilitated  development  and  evaluation  of  '^NH4  as  a  means  for  detecting 
and  quantifying  the  extent  of  acute  myocardial  infarction  which  is  extremely 
promising.  This  group  has  had  a  long-term  interest  in  computer  analysis  of 
ECG's  and  arrhythmias,  and  its  methods  are  in  the  forefront  of  the  current 
state  of  the  art.  Analysis  of  ECG's  is  now  carried  out  on-line  and  at 
speeds  four  times  realtime  for  periods  of  up  to  24  hours.  This  unit  has 
long  had  a  stron  interest  and  productivity  in  studies  of  basic  cardiac 
cellular  control  mechanisms  such  as  the  rates  of  synthesis  of  myofibrillar 
proteins  and  the  control  of  synthesis  of  DNA,  RNA  and  protein  in  repair 
processes.  Investigations  continue  into  the  mechanisms  of  cardiac  cell  growth 
and  division,  to  learn  ways  of  stimulating  repair  after  damage.  Other  basic 
studies  have  clearly  defined  in  vivo  intracellular  ion  contents,  explored 
el ectronmi orographic  criteria  for  cell  death,  and  clarified  the  changes  with 
ischemia  which  are  reversible  and  irreversible. 


Cornell  Medical  Center 

Contract  No.  PH-43-NHLI-67-1439 

Contract  Amount:  $3,410,114  (6/26/67  to  6/25/73) 

Principal  Investigator:  Thomas  Killip,  M.D. 

The  major  objective  of  this  unit  has  been  the  study  of  the  patient  who  is  at 
risk  or  has  suffered  an  acute  myocardial  infarction.  Extensive  physiologic 
monitoring  of  patients  with  unstable  angina  has  demonstrated  that  rest  pain 
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is  invariably  preceded  by  elevations  of  blood  pressure,  heart  rate,  or  left 
ventricular  filling  pressure,  and  these  findings  have  led  to  the  utilization 
of  therapeutic  interventions  (such  as  amy!  nitrate  or  trimethaphan)  to 
abort  the  episode  of  pain.  This  unit  is  also  participating  in  the  MIRU 
cooperative  trial  of  medical  versus  surgical  therapy  of  unstable  angina. 
Under  the  direction  of  the  Cornell  MIRU,  a  (non-MIRU)  cooperative  study  of 
the  use  of  intra-aortic  balloon  pumping  in  patients  with  refractory  cardio- 
genic shock  has  demonstrated  that  the  balloon  is  physiologically  effective 
in  a  majority  of  patients,  including  in  the  reversal  of  lactate  production 
across  the  myocardium,  but  that  survival  is  not  greatly  enhanced.  The 
calculated  cardiac  work  has  been  shown  to  be  a  sensitive  prognostic  index 
in  patients  with  acute  MI.  The  clinical  studies  are  now  aimed  at  various 
medical  interventions  designed  to  improve  ventricular  performance  and  limit 
the  extent  of  myocardial  injury.  Metabolic  studies  are  being  carried  out  both 
in  patients  to  aid  in  the  evaluation  of  certain  interventions  and  in  the 
isolated  rat  heart.  Pathologic  studies  have  shown  that  atrial  and  right 
ventricular  infarcts  may  have  clinical  importance  in  patients  who  succumb 
to  acute  myocardial  infarction.  Current  studies  underway  are  focusing  on 
infarction  following  vein  bypass  surgery.  The  hematologic  studies  have 
demonstrated  that  a  platelet  protein  fraction  localized  in  the  platelet 
granule  will  stimulate  the  production  of  chemotactic  activity  in  fresh 
serum,  and  that  patients  with  stable  angina  have  a  greater  sensitivity  to 
ADP-induced  platelet  aggregation.  Clinical  studies  reveal  an  apparent 
increase  in  toxicity  or  decrease  in  the  toxic  threshold  to  digitalis  in 
the  first  24  hours  after  myocardial  infarction.  The  computer  provides  on-line 
hemodynamic  monitoring,  including  determination  of  cardiac  output  by  thermal 
dilution,  and  patient  admission  and  summary  data  and  calculation  of  indirect 
indices.  The  ability  to  monitor  PA  and  LVED  pressure  are  to  be  added  in  the 
future,  along  with  a  file  system  of  increased  capacity. 

Duke  University  Medical  Center 

Contract  No.  PH-43-NHLI-67-1440 

Contract  Amount:  $4,093,265  (6/28/67  to  6/27/73) 

Principal  Investigator:  James  J.  Morris,  M.D. 

This  MIRU  has  continued  its  strong  interest  in  careful  hemodynamic  characteri- 
zation of  patients.  A  group  of  150  patients  with  acute  myocardial  infarction 
have  been  collected  and  correlations  have  been  made  among  physical  and 
clinical  findings,  x-ray  appearances,  and  the  patient's  subsequent  course. 
A  randomized  study  of  the  effect  of  conmonly  used  therapies  in  selected 
patients  with  mild  clinical  or  hemodynamic  evidence  of  cardiac  failure  is 
underway.  A  study  to  determine  the  incidence  and  prognostic  significance  of 
specific  disturbances  of  cardiac  impulse  formation  or  conduction  has  been  com- 
pleted and  reveals  a  subgroup  with  a  50%  mortality  during  one  year  of  follow- 
up,  and  a  new  study  is  now  underway  to  evaluate  the  use  of  prophylactic  pace- 
maker therapy  in  these  patients.  This  MIRU  has  pioneered  in  the  use  of  the 
CPK-MB  isoenzyme  assay  as  a  highly  specific  as  well  as  sensitive  indicator  of 
myocardial  damage.  As  it  is  presently  the  best  clinical  tool  for  this  purpose, 
when  used  with  all  available  information,  its  precise  significance  and 
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limitations  are  being  more  definitively  studied  in  experimental  animals.  To 
date  no  isoenzyme  elevations  have  been  seen  in  the  absence  of  necrosis,  and 
as  little  necrosis  as  3%  of  the  left  ventricle  has  given  rise  to  diagnostic 
serum  isoenzyme  levels.  A  high  incidence  of  ECG  criteria  (20%)  and  iso- 
enzyme criteria  (40-50%)  for  MI  have  been  observed  in  patients  undergoing 
coronary  artery  surgery,  and  the  significance  of  these  and  the  efficacy  of 
coronary  artery  bypass  surgery  are  being  evaluated  by  careful  follow-up  and 
reevaluation  of  all  patients  at  one  year.  Other  correlative  clinical  and 
pathologic  studies  have:  re-defined  VCG  criteria  for  infarctions  in  various 
locations;  correlated  VCG  and  ECG  with  pathologic  diagnoses;  shown  the  high 
incidence  (35%)  of  right  ventricular  infarcts  in  patients  dying  with  left 
ventricular  infarction  and  defined  possible  clinical  criteria  for  recognizing 
this  event.  This  group  is  participating  in  the  randomized  evaluation  of 
medical  and  surgical  therapy  of  unstable  angina  pectoris.  In  a  retrospective 
study  of  a  subset  of  patients  with  unstable  angina  and  ST-T  wave  changes,  a 
high  (20%)  six  month  mortality  was  found. 

Johns  Hopkins  Hospital 

Contract  No.  PH-43-NHLI-67-1444 

Contract  Amount:  $2,875,437  (6/29/67  to  6/28/73) 

Principal  Investigator:  Richard  Ross,  M.D. 

A  major  impact  of  this  unit  has  been  the  introduction  of  radioisotope 
techniques  into  the  clinical  studies.  Biplane  images  are  routinely  obtained 
and  ejection  fraction  is  calculated.  In  a  small  number  of  patients  with 
acute  myocardial  infarction  studied  with  this  technique,  an  area  of  akinesis 
or  hypokinesis  could  be  demonstrated  in  each.  The  gamma  camera  technique 
is  used  routinely  to  screen  patients  with  left  ventricular  aneurysm  (which  is 
potentially  surgically  correctable)  from  those  with  diffuse  hypokinesis. 
Studies  are  underway  to  evaluate  regional  myocardial  blood  flow  (using  Xenon- 
133)  and  to  detect  infarction  (using  Potass ium-43).  Clinical  studies  on  the 
effects  of  digitalis,  phentolamine,  lasix,  and  nitroglycerine  have  been  com- 
pleted, and  studies  of  the  effects  of  interventions  with  intravenous  practolol 
and  dopamine  are  underway.  Evaluation  of  diastolic  augmentation  is  ongoing, 
utilizing  both  the  intra-aortic  balloon  and  the  external  counterpulsation 
device.  A  prospective  correlation  of  ST  mapping  with  pathologic  examination 
is  designed  to  study  the  phenomenon  of  infarct  extension.  Laboratory 
studies  include  evaluation  of  ischemic  myocardial  function  using  an  iso- 
volurnic  non-blood  perfused  cat  left  ventricle.  This  MIRU  has  been  a  leader 
and  an  active  participant  in  the  cooperative  randomized  trial  of  medical 
versus  surgical  therapy  of  unstable  angina  pectoris.  Studies  of  creatine 
phosphokinase  have  shown  that  mitochondrial  CPK  acts  as  a  strategic  catalyst 
for  the  transphosphorylation  of  ATP  produced  by  oxidative  phosphorylation 
into  cytoplasmic  creatine  phosphate.  The  computer  provides  real-time 
hemodynamic  monitoring. 
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Massachusetts  General  Hospital 

Contract  No.  PH-43-NHLI-67-1443 

Contract  Amount:  $4,163,589  (6/29/67  to  6/28/73) 

Principal  Investigator:  Edgar  Haber,  M.D. 

This  unit  has  emphasized  the  role  of  intra-aortic  balloon  pumping  in  patients 
with  acute  myocardial  infarction  and  acute  mitral  regurgitation,  acute 
ventricular  septal  defect,  or  cardiogenic  shock.  Current  studies  are  under- 
way to  further  evaluate  the  usefulness  of  this  device,  both  in  patients  with 
acute  complicated  MI  and  in  those  with  unstable  angina.  Clinical  studies 
have  shown  the  use  of  nitroglycerine  in  the  initial  management  of  patients 
in  whom  resistant  left  ventricular  failure  occurred  following  acute  MI.  A 
prospective  randomized  study  has  shown  no  difference  in  patients  hospitalized 
for  three  weeks  after  MI  (as  opposed  to  two  weeks'  stay  in  the  hospital). 
This  unit  is  participating  in  the  MIRU  unstable  angina  study.  A  new  study 
has  been  undertaken  to  determine  the  relative  effectiveness  of  prophylactic 
administration  of  di phenyl hydantoin,  propranalol,  or  quinidine  for  the 
prevention  of  sudden  death  due  to  cardiac  arrhythmias  in  high-risk  survivors 
of  acute  MI.  Other  areas  under  study  include  an  analysis  of  GSP  responses 
(and  their  correlation  with  various  physiologic  parameters),  pulmonary 
ventilation-perfusion  changes,  and  small  airway  closure.  Evidence  has  been 
accumulated  which  suggests  that  transient  left  heart  failure  with  extra- 
vasation of  fluid  into  the  interstitial  space  occurs  in  most  patients  with 
MI.  The  biochemistry  laboratory  has  developed  radioimmunoassays  for 
aldosterone,  fibrinopeptide  A,  and  several  digitalis  glycosides,  and  work 
on  the  isolation  and  purification  of  a  cardiac  beta-receptor  site  is 
progressing.  Evaluation  of  the  effects  of  hyperosmolar  solutions  of 
mannitol  is  being  carried  out  in  the  isolated  canine  heart  and  in  isolated 
papillary  muscle.  In  pathology,  the  development  of  cardiogenic  shock  has  been 
shown  to  be  dependent  not  on  infarct  location,  but  rather  on  the  amount  of 
ventricular  damage.  The  intra-aortic  balloon  has  been  shown  to  prevent  or 
delay  the  appearance  of  "shock  lesions".  Computer  applications  include  hemo- 
dynamic monitoring,  statistical  analyses,  and  coordination  of  the  MIRU  unstable 
angina  study;  a  continuous  arrhythmia  analysis  system  is  under  development. 

University  of  Rochester 

Contract  No.  PH-43-NHLI-68-1331 

Contract  Amount:  $2,869,205  (6/28/68  to  6/27/73) 

Principal  Investigator:  Paul  N.  Yu,  M.D. 

Since  the  majority  of  patients  who  die  with  acute  myocardial  infarction  do  so 
within  a  few  minutes  to  hours  of  the  beginning  of  symptoms,  a  small  satellite 
unit  has  been  established  to  enable  patients  to  be  seen  early  and  to  study 
patients  early  in  the  course  of  a  heart  attack.  Studies  are  being  conducted 
to  learn  which  patients  are  those  at  highest  risk  of  dying  with  the  acute 
event  and  to  see  if  they  can  be  recognized  early.  Determinations  of  coronary 
blood  flow  in  patients  with  acute  myocardial  infarction  using  helium  and  gas 
chromatography  have  suggested  that  these  patients  have  lower  levels  of  coronary 
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blood  flow  than  normal  persons  studied  with  the  same  technique.  Intra-aortic 
balloon  circulatory  assistance  has  been  studied  and  yielded  results  comparable 
to  those  obtained  at  other  MIRUs.  Cardiopulmonary  function  studies  have  been 
conducted  on  patients  with  acute  myocardial  infarction  to  evaluate  pulmonary 
resistance,  to  obtain  correlations  between  hemodynamics  and  pulmonary  function 
before  and  after  interventions,  and  to  document  the  effect  of  elevated  pulmonary 
vascular  pressures  and  lung  water  on  pulmonary  mechanics.  These  studies 
have  shown  decreased  FEV  and  MMEF  and  increased  total  pulmonary  resistance 
early  with  gradual  improvement  during  recovery  and  with  a  close  relation- 
ship between  total  pulmonary  resistance  and  clinical  class.  Investigators  at 
this  MIRU  have  a  long-term  interest  in  the  use  and  evaluation  of  ultrasound 
techniques  and  continue  to  study  this  modality  to  develop  methods  for  serial 
non-invasive  evaluation  of  cardiac  function.  In  addition,  this  and  other 
non-invasive  techniques  are  used  to  assess  cardiac  function  and  recovery  from 
myocardial  infarction  after  discharge  from  hospital.  Investigations  are  being 
conducted  to  evaluate  the  prevalence  and  nature  of  immunologic  reactions 
to  myocardial  infarction  in  terms  of  cellular  and  inmuno-globulin  reactivities. 
A  high  prevalence  of  antiheart  antibodies  and  immune-competent  cell  has 
been  found  and  is  being  investigated  further.  This  MIRU  is  participating  in 
the  randomized  evaluation  of  medical  and  surgical  therapy  for  unstable 
angina. 
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ACUTE  MYOCARDIAL  INFARCTION  -  QUANTIFYING  INFARCT  SIZE 

The  development  of  a  method  to  determine  the  amount  of  myocardium  affected 
by  infarction  and/or  ischemia  is  important  for  therapy  and  for  clinical 
research  in  myocardial  infarction.  Such  a  method  must  be  applicable  safely 
to  large  numbers  of  patients,  provide  information  on  the  natural  progression 
of  the  disease,  yield  results  rapidly  and  reproducibly,  and  be  repeatable. 
Because  of  this  need,  a  program  of  research  is  being  conducted  to  develop 
such  a  method.  Two  research  projects  are  exploring  a  variety  of  established 
and  new  radionuclides  and  radiopharmaceuticals  for  "imaging"  acute  myocardial 
infarctions  in  patients.  A  third  project  is  assessing  the  applicability  of 
new  ultrasonic  techniques  for  accurately  detecting  and  sizing  damaged  myocardium. 


In  a  broad  "developmental"  approach^  one  project  is 
of  radionuclide  preparations  (^^^K,  ^^^Cs,  and  fatty 
''c  and  '°F)  and  techniques  for  improving  images  in 


evaluating  a  number 
acids  labelled  with 
■)  and  techniques  for  improving  images  in  order  to  optimize 
imaging  of  myocardial  infarctions.  Computer  techniques  are  being  developed 
to  permit  semi-quantitative  assessment  of  the  size  of  infarcts,  and  a 
"multiple-tracer"  approach  providing  both  "positive"  and  "negative"  images 
of  infarcts  will  be  explored. 

A  radionuclide  with  promising  physical  characteristics,  '^^Cs,  is  being 
extensively  evaluated  in  the  second  contract  in  myocardial  imaging.  The 
techniques  are  being  refined  and  documented  in  animal  experiments,  in 
which  infarcts  measuring  2  x  3  cm  can  generally  be  detected  in  most 
locations.  Sixty  studies  in  patients  have  shown  good  correlations  with 
data  obtained  by  ECG  and/or  catheterization.  Future  efforts  will  focus 
on  standardizing  the  evaluations  of  scans,  with  attempts  at  semi- 
quantitation  and  on  further  documentation  of  the  capabilities  and  limi- 
tations of  the  technique  in  man. 

The  original  study  to  determine  the  feasibility  of  using  advanced  ultra- 
sound techniques  to  discriminate  between  normal  and  ischemic,  infarcted, 
or  scarred  myocardium  has  been  completed.  Using  analysis  of  the  "power 
spectrum"  of  broad-band  echo  pulses,  it  was  shown  that  infarcted  myo- 
cardium in  vitro  and  in  vivo  absorbs  much  more  of  the  interrogating 
sound  waves  at  the  higher  frequencies  than  does  normal  cardiac  muscle. 
Extended  studies  are  planned  to  develop  apparatus  and  techniques  suitable 
for  application  of  this  method  to  detection  and  quantification  of  acute 
myocardial  infarction  first  in  intact  animals  and  then  in  man. 
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University  of  California  at  Los  AngeTes 

Contract  No.  NIH-NHLI-72-2491 

Contract  Amount:  $106,870  (6/30/71  -  ^/I^/IZ) 

Principal  Investigator:  Leslie  M.  Eber,  M.D. 

Norman  D.  Poe,  M.D. 

Two  promising.radionuclides  for  the  detection  and  quantitation  of  myocardial 
infarction,  '"^K  and  '^^Cs,  are  being  evaluated  in  animal  and  clinical  ex- 
periments. Although  the  physical  characteristics  of  ^^k  are  not  quite  as 
satisfactory  as  those  of  '^ycs^  -its  biologic  behavior  appears  to  be 
generally  superior,  and  43k  is  now  preferred  for  clinical  investigations. 
Preliminary  studies  with  labeled  fatty  acids  (^^C  and  '^F  labels)  continue. 
In  animal  studies,  clearance  rates  of  129cs  from  acutely  injured  myocardium 
have  been  determined  and  infarct  patterns  have  been  analyzed  from  four 
hours  to  six  months  after  infarction.  Computer  techniques  are  being  developed 
by  this  group  which  should  increase  the  accuracy  and  precision  of  cardiac 
imaging  techniques  in  general.  They  plan  further  development  of  these  "on- 
line" with  the  scintillation  camera  to  assist  in  obtaining  semi-quantitative 
estimates  of  the  size  of  infarcts.  The  investigators  also  plan  exploration 
of  "multiphasic-tracer"  approaches,  to  include  both  "negative"  and  "positive" 
images  of  injured  myocardium  using  more  than  one  isotope. 

University  of  Cincinnati 

Contract  No.  NIH-NHLI-71-2489 

Contract  Amount:  $119,322  (6/30/71  -  6/29/73) 

Principal  Investigator:  Robert  J.  Adolph,  M.D. 

Pioneers  of  the  development  of  techniques  for  production  and  use  of  129cs, 
these  investigators  have  continued  investigations  in  and  advance  of  these 
methods.  Production  has  been  improved  to  achieve  near  maximum  productivity, 
facilitating  a  large  number  of  studies  in  experimental  animals  as  well  as  in 
patients.  Studies  in  normal  dogs  have  established  the  appearance  of 
scintiscans  using  ^29cs  after  intravenous  injections,  and  the  kinetics  of  its 
uptake  have  been  documented  in  the  various  tissues  and  organs  of  the  body. 
Optimum  doses  have  been  established  and  schedules  for  obtaining  optimum  scans 
determined.  Starting  at  one  hour  after  creation  of  an  anterior  infarction 
in  animals,  infarcts  measuring  4  x  4  cm.  are  easily  detected,  and  infarcts  as 
small  as  2  X  3  cm.  are  generally  detected  with  intravenous  injections  of 
'29cs.  Infarcts  may  be  imaged  clearly  up  to  18  hours  after  injection.  Sixty 
studies  have  been  carried  out  in  patients  either  after  an  episode  of  acute 
myocardial  infarction  or  at  the  time  of  diagnostic  cardiac  catheterization. 
Normal  scans  were  obtained  in  patients  with  and  without  significant  coronary 
artery  disease,  but  without  ECG  or  historical  evidence  of  infarction.  Of 
38  patients  with  myocardial  infarction,  the  scans  detected  significant 
defects  consistent  with  infarcts  in  20  with  acute  and  14  of  18  with  old 
myocardial  infarctions.  Investigators  plan  to  develop  methods  for  stand- 
ardizing the  evaluation  of  scans  and  for  obtaining  at  least  semi-quantitative 
assessments  of  the  size  of  infarcts  in  man. 


HV  CC  29 


Massachusetts  Institute  of  Technology 

Contract  No.  NIH-NHLI-72-2017 

Contract  Amount:  $42,300  (9/15/71  -  6/14/73) 

Principal  Investigator:  P.P.  Lele,  M.D.,  Ph.D. 

Acting  on  the  hypothesis  that  the  physical  characteristics  of  ischemic, 
infarcted  and  scarred  myocardium  would  differ  in  important  ways  from  those 
of  normal  cardiac  tissue,  these  investigators  have  developed  new  ultrasonic 
approaches  and  systems  to  demonstrate  these  differences.  Because  conven- 
tional pulse-echo  techniques  are  sensitive  to  changes  in  angle  and  distance 
between  target  and  sensor,  the  investigators  examined  the  differences  in 
the  absorbance  of  broad-band  sound  waves  between  normal  and  damaged  cardiac 
muscle.  During  the  feasibility  study  they  were  able  to  show  marked  differences 
betv/een  normal  and  infarcted  myocardium  in  in  vitro  and  in  the  arrested,  open- 
chest  dog  heart.  In  all  tissues,  the  absorEahce  of  sound  waves  decreases  as 
a  function  of  increasing  frequency.  In  infarcted  myocardium,  the  absorbance 
is  identical  at  low  frequency  but  declines  much  more  rapidly  at  higher 
frequencies.  Although  still  rather  preliminary,  these  results  are  promising 
that  a  reliable,  non-invasive  means  of  detecting  in  clinical  situations  the 
status  of  regions  of  the  heart  according  to  physical  properties  may  be 
feasible,  and  further  development  is  planned  by  these  investigators. 
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PHYSIOLOGICAL  AND  BIOCHEMICAL  PROCESSES  FUNDAMENTAL  TO  NEW  THERAPEUTIC 
METHODS  PROTECTING  ISCHEMIC  MYOCAR'OTLiM 

The  specific  objective  of  this  group  of  contracts  is  the  development 
of  interventions  to  protect  ischemic  myocardium,  to  minimize  infarct  size, 
and/or  to  enhance  myocardial  repair,  and  includes  experimental  studies  of 
the  physiology  and  biochemistry  of  ischemic  myocardium  and  myocardial  scar 
formation  fundamental  to  the  development  of  such  interventions.  The  rationale 
for  the  effort  is  the  concept  that  from  the  onset  of  an  ischemic  episode, 
even  one  resulting  in  infarction,  events  are  not  foreordained  but  can  be 
modified  by  appropriate  and  timely  interventions.  Another  fundamental  assump- 
tion is  that  reducing  the  size  of  a  myocardial  infarction  is  of  direct  benefit 
to  the  patient. 

Two  RFP's  have  led  to  award  of  thirteen  contracts  for  work  on  these  problems 
which  are  now  one  or  two  years  along.  They  are  approximately  equally  balanced 
between  those  evaluating  agents  and  approaches  which  seem  promising  and  are 
currently  available  and  those  which  are  conducting  basic  research  on  the 
physiology  and  biochemistry  of  ischemic  cardiac  tissue  to  learn  new  ways  of 
approaching  the  problem. 

Initial  results  yield  information  on  currently  promising  interventions.  The 
beta  adrenergic  antagonist  agents  propranalol  and  practolol  given  intra- 
venously in  large  doses  seem  to  reduce  the  size  of  subsequent  infarctions  in 
experimental  animals.  Preliminary  results  indicate  a  similar  but  lesser 
effect  in  lower  doses  which  would  be  clinically  applicable  in  man.  Allopurinol 
an  inhibitor  of  purine  metabolism  which  may  act  by  conserving  the  purine 
molecular  components  of  the  heart's  energy  stores,  seems  to  improve  cardiac 
function  after  experimental  infarctions  in  animals;  its  ability  to  preserve 
viable  cardiac  muscle  is  being  evaluated.  In  animals  with  experimental 
infarction  hyaluronidase  has  been  shown  to  decrease  the  size  of  infarction 
and,  in  studies  in  patients  with  infarction,  has  an  immediate  effect  of 
reducing  the  extent  of  cardiac  injury  as  assessed  by  ST  mapping  techniques. 
Infusions  of  glucose-potassium-insulin  solutions  have  shown  value  in  re- 
ducing infarct  size  in  animals  and  on  reducing  the  breakdown  of  tissue 
structural  proteins.   Evaluation  of  these  continues. 

Basic  studies  in  animals  have  resulted  in  development  of  several  improved 
animal  models  more  closely  resembling  the  ischemic  state  as  it  exists  in 
man,  and  it  is  hoped,  yielding  data  more  directly  applicable  to  under- 
standing clinical  myocardial  ischemia.  These  studies  reveal  marked  dif- 
ferences between  ischemia  and  the  more  widely  used  hypoxia  models:  more 
rapid  deterioration  and  earlier  loss  of  reversibility;  more  rapid  decline 
of  pH  and  accumulation  of  lactic  acid;  absence  of  a  compensatory  rise  of 
anaerobic  metabolism  of  glucose;  earlier  and  far  more  severe  dissolution 
of  cell  structures  and  degradation  of  proteins;  and  earlier  activation  of 
cell  lysosomes.  To  provide  critical  information  on  factors  determining 
intracellular  events,  estimates  of  intracellular  pH  have  been  obtained  by 
several  methods  both  in  normal  and  ischemic  states.  In  separate  studies 
the  critical  importance  of  pH  was  illustrated  by  evidence  that  reduced  pH 
separately  reduces  cellular  contraction  and  energy  formation  even  in  the 
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presence  of  an  adequate  supply  of  oxygen.  In  other  studies  a  defect  in 
the  transport  of  substrate  within  the  cell  during  ischemia  has  been  iden- 
tified, as  well  as  a  specific  protein  defect  which  may  account  for  the 
decreased  contractile  capacities  of  the  basic  contractile  proteins.  The 
relaxing  system  of  cardiac  muscle  has  also  been  shown  to  be  abnormal  in 
ischemic  cardiac  muscle.  An  important  discovery  of  one  mechanism  for 
modulation  of  the  strength  of  contraction  has  been  made  which  has  broad 
implications  not  only  in  ischemic  but  also  normal  cardiac  muscle.  Ultra- 
structural  studies  with  the  electronmicroscope  have  defined  the  critical 
early  changes  in  ischemia  which  may  have  important  bearings  on  the  func- 
tional changes.  In  addition,  the  role  of  lysosomes  and  their  enzymes  has 
been  suggested  in  two  projects,  and  agents  which  may  reduce  their  damage 
will  be  tested  in  animals  with  experimental  infarction. 

Pennsylvania  State  University 

Contract  No.  NIH-NHLI-71-2499 

Contract  Amount:  $385,879  (6/23/71  to  6/22/73) 

Principal  Investigator:  Howard  E.  Morgan,  M.D. 

A  perfused  working  rat  heart  model  has  been  designed  and  evaluated  which 
permits  controlled  reduction  in  coronary  flow  to  simulate  better  the  events 
which  occur  in  ischemic  (as  distinct  from  hypoxic)  states  in  man  and  to  permit 
evaluation  of  biochemical  mechanisms  which  account  for  the  deranged  metabolism 
in  ischemia.  This  model  represents  a  major  advance  in  the  study  of  the  bio- 
chemistry of  ischemic  myocardium  and  is  being  adopted  by  other  workers  in  the 
field.  Several  new  findings  have  resulted  from  use  of  this  model,  and  entail 
significant  revisions  of  current  biochemical  concepts.  With  ischemia,  as 
distinct  from  hypoxia,  mechanical  deterioration  is  more  rapid  and  becomes  ir- 
reversible much  sooner;  loss  of  energy  charge  is  much  more  rapid  and  is  not 
accompanied  by  a  compensatory  increase  in  the  anaerobic  metabolism  of  glucose; 
lactic  acid  accumulates  more  rapidly  and  to  higher  levels;  and  intracellular 
structures  are  degraded  more  rapidly.  These  investigators  have  provided  pro- 
bably the  first  evidence  of  lysosomal  activity  in  myocardium  rendered  ischemic 
and  have  demonstrated  in  ischemia  a  striking  dissolution  of  the  structures 
which  bind  cells  together  ("gap  junctions"),  which  could  account  for  severe 
electrophysiological  derangements  in  the  ischemic  heart.  These  findings  are 
both  new  and  of  major  significance  for  understanding  ischemic  myocardium  and 
essential  for  rationally  designing  interventions  to  provide  protection  for  the 
ischemic  heart  in  animals  and  ultimately  in  man.  The  investigators  plan  to 
refine  the  model  to  simulate  ischemia  in  man  even  more  closely  and  to  define 
further  the  causes  of  cardiac  deterioration  in  ischemia. 
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University  of  Pennsylvania 

Contract  No.  NIH-NHLI-71-2494 

Contract  Amount:  $142,806  (6/7/71  to  6/6/73) 

Principal  Investigator:  John  R.  Williamson,  Ph.D. 

Isolated,  working,  perfused  rat  hearts  are  used  to  study  the  effects  of 
ischemia  and  other  altered  states  on  the  heart,  to  learn  the  critical 
intracellular  mechanisms  which  account  for  the  deterioration  in  mechanical 
and  metabolic  function.  Singly  and  in  combination,  hypoxia  and  lowered  pH 
have  been  used  to  differentiate  their  relative  contributions  in  a  graded 
fashion,  and  have  resulted  in  several  findings  of  major  significance.  First, 
with  decreased  pH,  diminished  mechanical  performance  was  seen  before  any 
significant  change  1n  cellular  energy  charge  was  detected,  which  implies 
that  the  control  mechanism  of  contractility  is  exquisitely  sensitive  to 
increases  in  hydrogen  ion  concentration  at  one  or  several  sites.  Moreover, 
with  decreased  pH  yet  adequate  oxygenation,  transport  of  reducing  equivalents 
into  the  mitochondria  via  the  malate-aspartate  shuttle  was  greatly  decreased, 
representing  uncoupling  of  the  normal  mechanisms  for  generation  of  the  energy 
needed  for  contraction  even  in  the  presence  of  normal  levels  of  oxygen. 
These  findings  have  wide  implications  for  understanding  the  function  both 
of  normal  and  of  ischemic  myocardium.  Further  definition  of  the  precise 
mechanisms  responsible,  as  planned  by  the  investigators,  may  make  it  possible 
for  them  to  devise  interventions  to  interfere  with  this  reaction  and  thus 
reduce  the  damage  done  during  ischemia. 

Baylor  College  of  Medicine 

Contract  No.  NIH-NHLI-71-2493 

Contract  Amount:  $246,728  (6/25/71  to  6/24/73) 

Principal  Investigator:  Arnold  Schwartz,  Ph.D. 

Studies  in  experimental  animals  are  being  conducted  to  determine  the  critical 
events  in  myocardial  cells  which  account  for  their  deterioration  in  function, 
and  death,  when  the  supply  of  nutrients  and  oxygen  are  reduced  in  ischemia. 
Preliminary  findings  of  the  deleterious  impact  of  ischemia  on  the  transport 
of  fatty  acids,  the  heart's  major  fuel,  into  mitochondria  by  the  enzyme 
carnitine  transferase  have  been  confirmed.  More  extensive  documentation 
has  also  been  obtained  of  the  diminished  release  of  calcium  by  the  sarco- 
plasmic reticulum  of  myocardial  cells  with  decrease  in  cellular  pH.  A  defect  in 
the  function  of  the  contractile  proteins  has  been  located  in  a  particular  sub- 
unit  of  the  troponin  component  of  actin,  which  in  ischemic  cells  may  have  a 
decreased  affinity  for  calcium  and  result  in  less  vigorous  contraction.  In 
addition,  an  enzyme  which  could  help  regulate  the  function  of  troponin  and 
modulate  the  strength  of  contraction  in  normal  or  ischemic  states  has  been 
described.  Ultrastructural  studies  have  demonstrated  a  disruption  of  the  "Z" 
lines,  an  important  structural  component  in  the  myocardial  cell,  which  occurs 
in  ischemia.  These  investigators  plan  to  extend  their  observations  to  earlier 
and  a  fuller  range  of  times,  and  to  characterize  these  findings  in  greater 
detail,  as  preparation  for  designing  specific  metabolic  or  pharmacologic 
interventions  to  minimize  the  impact  of  these  derangements  and  to  salvage 
myocardium  which  would  otherwise  die. 
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University  of  Wisconsin 

Contract  No.  NIH-NHLI-71-2497 
Contract  Amount:  $215,532  (6/11/71  to  6/10/73) 

Principal  Investigators:  Theodore  L.  Goodfriend,  M.D.  (Univ.  of  Wisconsin) 

David  W.  Allmann,  Ph.D.  (Univ.  of  Indiana) 
John  M.  Stewart,  Ph.D.  (Univ.  of  Colorado) 

A  large  number  of  polypeptide  analogs  of  angiotensin  have  been  synthesized 
and  evaluated  in  numerous  animal  model  systems.  These  evaluations  have 
revealed  that  several  of  these  synthetic  compounds  have  high  inotropic 
potency  relative  to  their  vasoconstrictor  properties  as  opposed  to  the 
normally  occurring  angiotension.  At  present  further  evaluations  of  these 
compounds  are  underway. 

Maine  Medical  Center 

Contract  No.  NIH-NHLI-71-2495 

Contract  Amount:  $119,342  (6/22/71  to  6/21/73) 

Principal  Investigators:  C.  V.  Nelson,  Ph.D.  (Maine  Medical  Center) 

E.  T.  Angelakos,  M.D.,  Ph.D.  (Hahnemann  Medical 
College) 

Acute  myocardial  lesions  have  been  experimentally  produced  in  pigs  by 
occlusion  of  a  coronary  artery.  A  marked  increase  in  the  concentration 
of  norepinephrine  has  been  found  in  all  portions  of  the  ventricles, 
including  regions  not  obviously  affected  by  ischemia  or  infarction. 
These  changes  begin  as  early  as  thirty  minutes  after  occlusion  and  last 
through  a  four  hour  period  of  observation.  Using  a  similar  model  of 
experimental  infarction,  the  investigators  have  performed  vectorcardio- 
graphic  studies  to  determine  whether  this  technique  can  be  used  to  obtain 
accurate  estimates  of  infarct  size. 

Peter  Bent  Brigham  Hospital 

Contract  No.  NIH-NHLI-72-2949 

Contract  Amount:  $99,412  (6/28/72  -  6/27/73) 

Principal  Investigator:  Eugene  Braunwald,  M.D. 

Both  animal  and  clinical  investigations  are  being  conducted  to  test  the  hypo- 
thesis that  timely  and  appropriate  interventions  can  favorably  alter  the 
outcome  of  a  myocardial  infarction  by  reducing  its  ultimate  size  and  to  test 
a  variety  of  possible  beneficial  interventions.  Past  work  in  animals  has 
shown  both  hyaluronidase  and  glucose-insulin-potassium  solutions  to  be  of 
benefit;  however,  their  combination  was  not  more  beneficial  than  hyaluronidase 
alone.  Studies  are  underway  to  evaluate  non-glycolytic  pathways  for  augmenting 
anaerobic  metabolism.  Pilot  studies  in  humans  have  indicated  that  hyaluronidase 
has  a  marked  early  effect  of  reducing  the  apparent  extent  of  myocardial 
injury  as  assessed  by  ST  segment  mapping  techniques.  A  randomized  trial  to 
evaluate  more  thoroughly  the  effects  of  this  agent  in  patients  with  acute 
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myocardial  infarction  has  begun.  This  group  of  investigators  was  among  the 
first  to  propose  that  the  extent  of  a  myocardial  infarction  could  be  minimized 
or  reduced  by  appropriate  interventions  and  has  done  much  preliminary  work  to 
validate  this  hypothesis.   This  current  work  is  an  integral  part  of  the  overall 
effort  to  find  and  evaluate  all  promising  means  of  accomplishing  this  task. 

College  of  Medicine  and  Dentistry  of  New  Jersey 

Contract  No.  NIH-NHLI-72-2970 

Contract  Amount:  $60,000  (6/28/72  -  6/27/73) 

Principal  Investigator:  Timothy  J.  Regan,  M.D. 

Myocardial  infarctions  have  been  induced  in  experimental  animals  by  intra- 
coronary  occlusion,  and  studies  carried  out  which  have  provided  estimates 
of  intracellular  pH  of  normal  (about  7.00)  and  of  ischemic  myocardium  (about 
6.75).  Although  such  studies  are  difficult  to  perform,  they  are  very 
important,  as  they  would  aid  greatly  in  understanding  damaged  myocardial  cell 
function  in  v  ivo  and  altered  functions  of  various  subcellular  systems  as 
assessed  in  vitro.  Additional  experiments  in  the  same  model  have  provided 
preliminary  evidence  that  beta  adrenergic  antagonists  (in  this  case  practalol) 
when  given  intravenously  in  large  doses  may  reduce  the  size  of  myocardial 
infarctions.  This  finding. provides  preliminary  validation  of  the  hypothesis 
that  interventions  may  favorably  alter  the  course  of  this  lesion.  Further 
studies  will  seek  to  refine  and  to  corroborate  the  measurements  of  intra- 
cellular pH  and  to  explore  the  efficacy  of  doses  of  practalol  which  might 
be  clinically  useful  in  man. 

Northwestern  University  Medical  School 

Contract  No.  NIH-NHLI-72-2984 

Contract  Amount:  $32,000  (6/28/72  to  6/27/73) 

Principal  Investigator:  Robert  B.  Jennings,  M.D. 

A  unique  animal  model  and  system  for  measuring  the  size  of  a  myocardial 
infarction  in  the  dog  by  pathologic  techniques  have  been  used  to  explore  the 
potential  of  the  beta-adrenergic  antagonist  propranalol  to  reduce  the  size  of 
an  infarct.  These  methods,  both  for  creating  an  infarct  of  reproducible  size 
and  for  measuring  its  size,  are  the  reference  standards  in  this  field  at  present. 
In  a  dose  of  5  mgm/kgm  given  intravenously  propranalol  strikingly  decreased 
infarct  size  providing  encouraging  validation  of  the  general  hypothesis  that 
interventions  may  favorably  alter  the  course  of  this  lesion.  Evaluation  of 
lower  doses,  with  potential  application  for  reducing  infarct  size  in  man  is 
planned,  as  are  investigations  of  the  mechanism  responsible  for  the  effect. 
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New  York  University  School  of  Medicine 

Contract  No.  NIH-NHLI-72-2953 

Contract  Amount:  $59,981  (6/28/72  to  6/21/12) 

Principal  Investigator:  Arthur  C.  Fox,  M.D. 

Myocardial  infarctions  have  been  created  in  experimental  animals  by  inducing 
intracoronary  occlusion  for  the  purpose  of  evaluating  the  role  of  lysosomes 
and  lysosomal  enzymes  in  the  tissue  damage  which  results.  Electronmicroscopic 
and  histochemical  studies  have  documented  the  role  both  of  endogenous 
(myocardial)  lysosomes  and  their  enzymes  and  of  exogenous  lysosomes  (from 
phagic  and  inflammatory  blood  cells).  Determination  of  the  relative  magnitude 
of  these  effects  as  proposed  by  these  investigators  would  provide  a  firm  basis 
for  attempts  by  them  and  others  in  the  field  to  "stabilize"  cardiac  lysosomes 
by  the  administration  of  appropriate  agents. 

University  of  Texas,  Southwestern 

Contract  No.  NIH-NHLI-72-2947 

Contract  Amount:  $40,000  (6/28/72  to  6/27/73) 

Principal  Investigator:  James  T.  Willerson,  M.D. 

Studies  in  experimental  animals  are  being  conducted  to  test  the  potential 
value  of  treatment  with  hyperosmolar  solutions  in  enhancing  the  viability  of 
ischemic  myocardial  tissue  and  to  determine  the  mechanisms  by  which  they  work. 
Early  experiments  indicate  that  addition  of  sufficient  mannitol  to  blood  to 
raise  osmolality  30-50  mOsm.  strikingly  increases  blood  flow  to  all  regions 
of  the  heart.   Experiments  with  isolated  cardiac  muscle  preparations  document 
a  significant  increase  in  contractile  strength  when  osmolality  is  raised, 
and  implicate  increased  intracellular  concentrations  of  calcium  resulting 
from  the  raised  osmolality  as  a  likely  mechanism  for  this  effect.  Documentation 
of  the  beneficial  effects  of  hyperosmolality  as  these  investigators  propose 
could  lead  to  rational  use  of  this  therapy  in  certain  clinical  circumstances, 
as  in  some  patients  with  acute  ischemic  heart  disease  and  in  cardiac  surgery. 

Boston  University 

Contract  No.  NIH-NHLI-71-2498 

Contract  Amount:  $105,982  (6/21/71  to  6/20/73) 

Principal  Investigator:  William  B.  Hood,  Jr.,  M.D. 

A  large  animal  model  of  reproducible  focal  myocardial  ischemia  has  been 
developed  to  document  its  impact  on  the  mechanical  function  of  cardiac 
tissue,  with  and  without  several  interventions  which  are  intended  to 
minimize  the  damage  in  ischemia.  Active  mechanical  function  ceases  almost 
immediately  after  the  onset  of  ischemia,  and  passive  compliance  increases 
acutely  and  then  progressively  decreases  with  time.  During  the  acute 
experimental  period,  hypothermia  has  been  found  to  decrease  the  extent  of 
myocardial  damage  and  augment  the  tissue's  ability  to  recover.  Additional 
studies  are  planned  to  evaluate  the  effects  of  hyperbaric  oxygenation  and 
of  augmented  supplies  of  metabolic  substrates  on  the  same  system. 
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University  of  Mississippi  School  of  Medicine 

Contract  No.  NIH-NHLI-72-2948 

Contract  Amount:  $40,044  {Sfl'&nZ   to  6/27/73) 

Principal  Investigator:  Carl  E,  Jones,  Ph.D. 

The  time  course  of  changes  in  myocardial  concentrations  of  adenine  nucleotides 
and  their  derivatives  has  been  defined  using  a  model  of  regional  myocardial 
ischemia  in  the  dog.  The  progressive  decrease  in  the  aggregate  concentration 
of  pyridines  and  pyridine  nucleotides  which  has  been  found  could  be  detrimental 
to  the  ability  of  the  heart  to  recover  its  functional  capacities  after  a  period 
of  ischemia  and  could  limit  the  potential  benefit  of  any  interventions  designed 
to  increase  blood  flow  to  ischemic  regions  (drug  or  surgery)  or  to  reduce  the 
extent  of  ischemic  damage  (drugs,  metabolites).  Interventions  such  as  allo- 
purinol  and  dipyrimadole  which  retard  the  degradation  and  loss  of  nucleotides 
will  be  evaluated  for  their  potential  in  preserving  the  capacity  of  the 
myocardium  to  recover  from  ischemia. 
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PHYSIOLOGICAL  AND  BIOCHEMICAL  PROCESSES  FUNDAMENTAL  TO  NEW  THERAPEUTIC 
METHODS  -  CONTROL  OF  LETHAL  ARRHYTHMIAS 

Lethal  arrhythmias  account  for  a  substantial  fraction  of  both  sudden 
and  non-sudden  cardiac  death.  Present  preventive  and  therapeutic  methods 
for  the  control  of  these  arrhythmias  are  inadequate.  The  specific  aims 
of  this  program  are  to  investigate  the  underlying  mechanisms  and  to 
develop  new  preventive  and  new  therapeutic  methods  for  the  control  of 
lethal  arrhythmias  associated  with  coronary  heart  disease.  This  program 
encompasses  both  non-clinical  and  clinical  studies.  Non-clinical  studies 
are  focused  upon  fundamental  processes  and  interventions  at  the  tissue, 
cellular  and  subcellular  levels,  which  may  have  applicability  to  clinical 
techniques  and  investigations.  Clinical  studies  include  both  electro- 
physiologic investigations  as  well  as  a  pilot  drug  study. 

Electrophysiologic  studies  in  animal  models  of  myocardial  infarction  have 
indicated  that  the  arrhythmias  occurring  early  after  myocardial  infarction 
are  due  to  a  re-entry  mechanism  while  those  occurring  one  day  after  coro- 
nary artery  ligation  are  due  to  enhanced  automaticity  of  the  Purkinje  cells. 
Drug  studies  in  similar  models  have  shown  that  procaine  amide  is  very 
effective  in  suppressing  ventricular  automaticity  but  less  effective  in 
arrhythmias  due  to  a  re-entry  mechanism.  While  procaine  amide  produces 
some  increase  in  ventricular  fibrillation  threshold,  this  effect  is  less 
pronounced  in  ischemic  myocardium.  Lidocaine  appears  to  be  very  effective 
in  abolishing  re-entry  arrhythmias,  but  at  times  failed  to  suppress  auto- 
maticity. To  further  characterize  the  fundamental  processes  in  cardiac 
conduction,  computer  programs  and  intricate  multiplexing  equipment  have 
been  developed  to  permit  special  displays  of  isopotential  body  surface 
maps  which  are  being  used  to  determine  the  activation  sequence  of  the 
myocardium. 

Studies  on  the  interaction  of  calcium  ions  and  myocardial  membranes 
have  indicated  that  calcium  can  be  taken  up  by  two  kinetically  dis- 
similar mechanisms:  calcium  binding  and  calcium  uptake.  An  hypothesis 
of  mechanisms  for  calcium  flow  between  extracellular  fluid  and  intra- 
cellular binding  and  storage  sites  and  the  activation  and  interaction  of 
this  system  with  catecholamines  has  been  proposed. 

Two  clinical  studies  are  in  progress.  A  study  involving  the  use  of  pro- 
pranolol in  selected  patients  after  myocardial  infarction  has  begun  on  a 
pilot  basis.  In  the  other  study,  patients  undergoing  ventricular  aneurysm- 
ectomy  have  detailed  clinical  electrophysiologic  studies,  the  results  of 
which  are  being  correlated  with  microelectrode  examination  of  the  excised 
tissue. 
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Columbia  University 

Contract  No.  NIH-NHLI-72-2989 

Contract  Amount:  $62,055  (6/30/72  -  blV^llZ) 

Principal  Investigator:  J.  Thomas  Bigger,  Jr.,  M.D. 

From  a  group  of  patients  with  their  first  myocardial  infarction,  selected 
patients  are  undergoing  diagnostic  studies,  including  long-term,  continuous 
EKG  monitoring,  to  detect  arrhythmias  during  hospitalization.  When 
indicated,  propranolol  is  administered  in  gradually  increasing  doses  and 
the  patients  followed  over  a  two-year  period.  Follow-up  consists  of 
periodic  clinical  evaluation  as  well  as  measurement  of  the  plasma  drug 
concentrations.  In  patients  who  develop  angina  pectoris,  more  detailed 
arteriographies  hemodynamic  and  electrophysiologic  studies  are  performed. 
In  patients  who  have  symptoms  suggestive  of  arrhythmias,  outpatient  moni- 
toring can  be  performed  via  telephone  transmission  of  EKGs.  Computer 
programs  have  been  developed  for  logging  the  data  on  forms  which  are 
returned  by  physicians  in  the  clinical  group.  Progress  is  being  made  on 
rapid  processing  of  the  electrocardiographic  data  by  computer. 

University  of  Miami 

Contract  No.  NIH-NHLI-72-2975 

Contract  Amount:  $46,707  (6/30/72  -  6/29/73) 

Principal  Investigator:  Robert  J.  Myerburg,  M.D. 

In  selected  patients  undergoing  surgery  for  resection  of  areas  of  left 
ventricular  dysfunction,  epi cardial  electrograms  are  being  obtained  and 
activation  and  conduction  times  measured.  In  addition,  preoperative 
electrophysiologic  studies  at  the  time  of  cardiac  catheterization  are 
being  performed.  These  studies  are  repeated  after  damaged  myocardium  is 
delineated  and  excised.  The  incidence  of  ventricular  arrhythmias  observed 
preoperatively  is  being  compared  to  the  incidence  after  resection  of 
diseased  myocardium.  Those  samples  of  myocardium  which  are  removed  are 
being  studied  in  vitro  by  various  electrophysiologic  methods.  Early 
studies  have  sTiown  that  action  potentials  can  be  recorded  from  surviving 
ventricular  muscle  obtained  from  the  center  of  rather  large  fibrous 
aneurysms.  Conduction  time  through  this  tissue  was  extremely  slow,  but 
the  propagating  wave  front  could  remain  active  across  the  width  of  these 
preparations. 

Mt.  Sinai  Medical  Center  (Miami) 

Contract  No.  NIH-NHLI-72-2972 

Contract  Amount:  $57,760  (6/30/72  -  6/29/73) 

Principal  Investigator:  Benjamin  J,  Scherlag,  Ph.D. 

Epicardial  electrograms  are  being  obtained  using  a  dog  model  of  myocardial 
infarction.  In  addition  plunge  wire  techniques  are  being  utilized  for 
intracardiac  recordings  from  the  proximal  ventricular  conduction  system. 
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After  these  in  vivo  experiments,  the  hearts  are  excised  and  utilized  for 
studies  of  enBbcardium,  epicardium,  and  Purkinje  strands.  In  the  early 
arrhythmic  period  after  coronary  artery  ligation,  the  ventricular 
arrhythmias  observed  were  invariably  related  to  a  re-entrant  mechanism 
which  was  specifically  localized  on  the  basis  of  marked  delay  of  local 
epicardial  sites  in  the  ischemic  zone.  In  vitro  studies  showed  that  the 
primary  mechanism  of  ventricular  arrhythmias  occurring  24  hours  after 
occlusion  involved  an  enhanced  automaticity  of  the  Purkinje  fibers  in 
the  infarct  zone;  however,  some  of  these  automatic  foci  appeared  to  be 
arising  from  epicardial  muscle.  Micro-electrode  recordings  from  the  re- 
sected endocardium  confirmed  that  the  Purkinje  cells  were  viable  within 
the  infarct  zone;  however,  no  underlying  endocardial  muscle  potentials 
could  be  recorded.  Hypoxia  without  ischemia  was  shown  to  reduce  automa- 
ticity in  the  Purkinje  strands  by  35-50%.  These  findings  indicate  that 
hypoxia  probably  is  not  the  mechanism  involved  in  the  enhanced  automa- 
ticity of  the  Purkinje  cells  in  the  dog  heart  24  hours  after  coronary 
artery  ligation.  Further  studies  of  electrophysiologic  alterations  will 
be  carried  out  at  periods  up  to  one  month  after  coronary  artery  ligation 
and  specific  localization  of  sites  of  altered  automaticity  or  conduction 
will  be  identified.  The  electrophysiologic  effects  of  procaineamide, 
propranolol,  glucose-insulin-potassium,  lidocaine,  and  di phenyl hydantoin 
will  be  evaluated. 


University  of  Utah 

Contract  No.  NIH-NHLI-72-2988 

Contract  Amount:  $113,938  (6/30/72  -  6/29/73) 

Principal  Investigator:  J.  A.  Abildskov,  M.D. 

The  time  course  of  electrophysiologic  events  (refractory  period,  ventricular 
recovery  properties  and  activation  time)  are  being  studied  in  open-chest 
anesthetized  dogs.  Displays  of  the  body  surface  isopotential  maps  have  been 
produced  by  a  special  computer  program  and  the  use  of  multiplexing  equipment 
has  facilitated  recording  from  a  large  number  of  electrode  sites.  The 
configuration  of  the  thorax  has  been  found  to  have  a  large  influence  on  this 
model.  Ventricular  fibrillation  threshold  during  myocardial  ischemia  is  being 
studied  by  a  new  technique  under  various  interventions.  Stellectomy  has  been 
found  to  have  a  protective  effect  while  stellate  stimulation  has  produced  the 
opposite  effect.  Electrical  stimulation  of  selected  nerves  from  the  stellate 
are  being  correlated  with  regional  myocardial  electrograms.  The  effects  of 
various  anti -arrhythmic  agents  will  be  studied  in  this  preparation.  Using 
epicardial  electrograms  and  measurement  of  body  surface  potentials,  a  method 
will  be  developed  for  quantitation  of  size  of  lesions.  Various  arrhythmias 
will  be  produced  and  the  effects  of  these  arrhythmias  on  ischemic  area  size 
will  be  studied.  A  computer  model  to  simulate  ventricular  fibrillation  has 
been  developed  and  various  alterations  which  can  precipitate  fibrillation 
in  the  model  are  under  investigation. 
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Albany  Medical  College 

Contract  No.  NIH-NHLI-72-2974 

Contract  Amount:  $50,010  (6/30/72  -  6/29/73) 

Principal  Investigator:  Jack  Han,  M.D.,  Ph.D. 

Various  electrophysiologic  studies  are  being  conducted  to  ellucidate  the 
mechanisms  of  ventricular  ectopic  activity  in  the  open-chest  dog  model  of 
acute  infarction.  A  major  goal  is  to  separate  arrhythmias  into  automatic  or 
re-entrant  origins.  Early  results  indicate  that  late  premature  beats  suppress 
automaticity  and  that  the  suppression  was  more  pronounced  at  faster  pacing  rates 
following  two  successive  premature  beats.  Studies  of  procainamide  showed  that 
it  was  very  effective  at  suppressing  ventricular  automaticity,  but  less 
effective  in  abolishing  re-entrant  arrhythmias.  Lidocaine  was  very  effective 
in  abolishing  re-entrant  arrhythmias,  but  failed  at  times  to  suppress  auto- 
maticity. An  increase  in  ventricular  fibrillation  threshold  at  therapeutic 
blood  levels  of  procainamide  was  found,  but  this  effect  was  much  less 
pronounced  in  ischemic  myocardium.  Mapping  the  sequence  of  activation  of 
the  ischemic  ventricle  will  be  done  to  demonstrate  the  differences  in  the 
mode  of  initiation  of  ventricular  fibrillation  between  the  normal  and 
ischemic  ventricle.  Changes  in  electrophysiologic  properties  of  these 
ischemic  hearts  will  be  correlated  with  T-wave  changes  in  the  surface  elec- 
trocardiogram and  with  micro-electrode  studies  in  excised  conduction  tissue. 

Mt.  Sinai  School  of  Medicine  (New  York) 

Contract  No.  NIH-NHLI-72-2973 

Contract  Amount:  $40,000  (6/30/72  -  6/29/73) 

Principal  Investigator:  Arnold  M.  Katz,  M.D, 

The  actions  of  anti -arrhythmic  drugs  upon  the  ability  of  the  relaxing 
system  and  heart  muscle  to  bind  calcium  ion  are  being  studied.  Pure 
sarcoplasmic  reticulum  and  plasma  membrane  preparations  are  being 
prepared  from  heart  muscle  and  are  being  studied  as  to  the  mechanism  of 
drug  actions  on  adenylate  cyclase  and  upon  ion  transport  systems,  in- 
cluding sodium-potassium  ATPase.  Results  indicate  that  calcium  can  be 
taken  up  by  cardiac  microsomes  by  two  kinetically  dissimilar  mechanisms; 
calcium  binding,  a  rapid  saturable  process  with  a  very  low  Km;  and  calcium 
uptake,  a  slower  but  more  extensive  process  which  is  not  saturated  at  low 
calcium  concentrations.  An  hypothesis  regarding  calcium  flow  between  extra- 
cellular fluid  and  intracellular  binding  and  storage  sites  has  been  proposed. 
It  has  been  shown  that  epinephrine,  through  a  series  of  intermediate  steps, 
permits  protein  kinase  catalysis  of  membrane  phosphorylation.  It  is  proposed 
that  phosphorylation  of  heart  sarcoplasmic  reticulum  leads  to  an  enhanced 
rate  of  calcium  uptake  into  an  intracellular  calcium  storage  site.  The 
filling  of  these  sites  directly  determines  the  amount  of  calcium  released 
to  the  contractile  proteins  in  subsequent  systoles.  Further  studies  of 
drug  influences  on  these  calcium-membrane  interactions  are  continuing. 
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CORONARY  ARTERY  SURGERY 

Coronary  artery  bypass  surgery  has  represented  a  major  new  undertaking  in  the 
field  of  cardiology.  Although  it  is  generally  agreed  that  many  patients  with 
severe  angina  pectoris  improve  symptomatically  after  coronary  artery  surgery, 
there  is  less  consensus  concerning  its  long-term  benefit  or  the  criteria  for 
patient  selection.  There  exists  an  urgent  need  for  reliable  and  quantitative 
information  regarding  the  effects  of  coronary  artery  surgery  in  patients 
with  ischemic  heart  disease.  To  be  meaningful  these  data  must  be  set  into 
the  perspective  of  the  clinical  course  of  such  patients  under  medical 
treatment. 

The  Clinical  Cardiac  Diseases  Branch  is  supporting  one  ongoing  collaborative 
randomized  study  in  the  Myocardial  Infarction  Research  Units  of  medical  versus 
surgical  and  medical  therapy  of  unstable  angina  pectoris.  However,  a  larger 
effort  on  a  broader  scope  is  necessary. 

Concordant  with  the  recommendations  of  the  Policy  Advisory  Board  on  Coronary 
Artery  Surgery,  requests  for  a  coordinating  center  and  potential  participants 
to  design  possible  randomized  studies  and  a  registry  were  sent  to  the  scien- 
tific community.  From  more  than  fifty  respondents,  twelve  potential  partici- 
pants and  one  coordinating  center  were  chosen  to  draw  up  protocols  for  these 
studies.  Contracts  have  been  awarded  and  plans  for  the  design  of  the  rando- 
mized studies  and  registry  are  in  progress. 

University  of  Washington  (Coordinating  Center) 

Contract  No.  NOl-HL-32973 

Principal  Investigator:  Richard  A.  Kronmal ,  Ph.D. 

Stanford  University 

Contract  No.  NOl-HL-32974 

Principal  Investigator:  E.L.  Alderman,  M.D. 

Loma  Linda  University 

Contract  No.  NOl-HL-32975 

Principal  Investigator:  Melvin  B.  Judkins,  M.D. 

New  York  University 

Contract  No.  NOl-HL-32976 

Principal  Investigator:  Ephraim  Glassman,  M.D. 

University  of  Oregon 

Contract  No.  NOl-HL-32977 

Principal  Investigator:  Shahbudin  H.  Rahimtoola,  M.D. 
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St.  Luke's  Hospital  Center 

Contract  No.  NOl-HL-32978 

Principal  Investigator:  Harvey  G.  Kemp,  Jr.,  M.D. 

Miami  Heart  Institute 

Contract  No.  NOl-HL-32979 

Principal  Investigator:  Arthur  J.  Gosselin,  M.D. 

St.  Louis  University 

Contract  No.  NOl-HL-32980 

Principal  Investigator:  George  C.  Kaiser,  M.D. 

Marshfield  Clinic  Foundation 

Contract  No.  NOl-HL-32981 

Principal  Investigator:  R.D.  Sautter,  M.D. 

The  Medical  College  of  Wisconsin 

Contract  No.  NOl-HL-32982 

Principal  Investigator:  Robert  J.  Flemma,  M.D. 

Montreal  Heart  Institute 

Contract  No.  NOl-HL-32983 

Principal  Investigator:  Martial  G.  Bourassa,  M.D, 

Mayo  Clinic  and  Mayo  Foundation 

Contract  No.  NOl-HL-32984 

Principal  Investigator:  Robert  L.  Frye,  M.D. 

Massachusetts  General  Hospital 

Contract  No.  NOl-HL-32985 

Principal  Investigator:  Eldred  D.  Mundth,  M.D. 
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Annual  Report  of  the  Cardiac  Functions  Branch 
July  1,  1972  through  June  30,  1973 
CARDIAC  FUNCTIONS  BRANCH 


Branch  Summary 


The  Cardiac  Functions  Branch  administered  a  total  of  336  grants  with  an 
expenditure  (in  FY  1973)  of  $16,757,713  in  direct  costs.*  The  assignment 
of  a  given  grant  to  the  Branch  is  made  according  to  programmatic  interests, 
and  these  interests  include  all  basic  and  applied  studies,  primarily  non- 
clinical, that  are  oriented  toward  cardiovascular  structure  and  function. 
Several  Branch  subdivisions  to  which  a  grant  may  be  assigned  embrace  a 
given  pathological  state;  however,  the  research  emphasis  in  each  grant  is 
one  of  a  basic  science  approach  to  that  particular  problem  area. 

Those  major  subdivisions  in  which  a  pathological  state  is  the  research 
theme  include  Cardiac  Arrhythmias,  Cardiac  Diseases,  and  Heart  Failure 
and  Shock.   The  remaining  large  category.  Cardiovascular  Dynamics,  incor- 
porates grants  that  cover  a  broad  spectrum  of  fundamental  cardiovascular 
research  that  is  directed  toward  unmasking  biological  mechanisms. 
In  addition  a  variety  of  grants  are  supported  under  the  category  of  "Other" 
in  which  pathological  and  basic  problems  are  considered,  but  the 
projects  are  not  of  sufficient  number  to  constitute  a  major  thrust  in  the 
Branch . 

Cardiac  Arrhythmias 

The  efforts  expended  by  grantees  in  this  programmatic  area  may  be  divided 
into  three  parts;  characterizations  of  basic  mechanisms  of  excitation  and 
conduction  in  the  myocardium,  research  into  arrhythmia  detection,  and 
fundamental  experimentation  in  arrhythmia  therapy.   Attempts  to  properly 
characterize  and  describe  the  basic  mechanisms  of  excitation  and  conduction 
in  the  myocardium  have  led  researchers  to  a  variety  of  preparations  in 
which  pharmacological  interventions  are  studied.   The  model  systems  for  such 
efforts  range  from  the  in  vivo  denervated  heart  to  isolated  heart  muscle 
preparations.   Much  of  the  research  in  arrhythmia  detection  is  devoted  to 
the  improvement  of  currently  employed  clinical  techniques.   Studies  are 
continuing  in  order  to  resolve  the  difficulties  inherent  in  attempting  to 
deduce  the  nature  of  the  internal  current  sources  from  a  given  set  of  body 
surface  voltages.   Development  of  membrane  active  drugs  may  one  day  insure 
more  effective  treatment  of  a  diversity  of  arrhythmias.   Currently  this 
Branch  is  supporting  research  dealing  with  both  synthetic  and  naturally 
occurring  anti-arrhythmic  agents. 

The  total  funds,  awarded  and  committed,  for  1973  were  $1,075,602  represent- 
ing 32  grants  in  this  subdivision. 

*A11  funds  in  the  Branch  report  are  direct  costs;  the  average  overhead 
costs  are  33%.   Therefore,  the  total  expenditures  for  the  Branch  were 
approximately  $22,300,000. 
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Cardiac  Diseases 

Grants  in  this  area  are  primarily  concerned  with  delineating  basic 
mechanisms  of  a  particular  pathological  state.  For  example,  one  study  is 
evaluating  the  mechanisms  of  myocardial  performance  during  recovery  from 
hypoxia  and  during  cardiac  pacing.   Several  large  multidisciplinary 
research  grants  are  included  in  this  category,  and  the  topics  covered  in 
these  programs  represent  a  wide  spectrum  of  interests.   The  main  themes 
for  these  large  grants  range  from  comparative  aspects  of  cardiac  genetic 
defects  to  the  study  of  physiology  and  pharmacology  of  the  cardiovascular 
system  in  experimental  animals  and  man  (emphasizing  changes  in  response 
to  drugs  and  in  performance  as  the  result  of  a  particular  disease  state) . 
One  program  project  is  concerned  with  the  broad  problems  in  the  areas  of 
cardiovascular-respiratory  physiology  and  biochemistry.   For  this  program 
a  variety  of  projects  have  been  fused  into  a  cardiovascular  research 
institute  in  which  basic  and  applied  studies  in  the  heart  and  circulation 
are  considered  as  well  evaluations  of  function  and  structure  of  cell 
membranes . 

Support  for  this  subdivision  amounts  to  $3,931,256  for  27  grants. 

Cardiovascular  D3mamics 

This  very  large  and  diverse  subdivision  encompasses  many  of  the  Division's 
basic  research  projects  in  structure  and  function  of  the  cardiovascular 
system.   Included  in  this  category  of  interest  are  grants  concerning  control 
mechanisms  in  which  the  general  emphasis  is  on  feedback  loops  and  inter- 
actions of  cause-effect  relationships.   The  research  may  also  involve 
manipulation  of  biological  variables  using  computer  simulations.   Also 
included  under  this  heading  are  grants  dealing  with  events  primarily 
concerned  with  the  myocardium.   Grantees  are  involved  in  research  ranging 
from  evaluating  various  electrical  events  in  myocardial  cells  to  basic 
enzyme  systems  of  the  heart.   Support  is  also  being  administered  to  projects 
involving  combinations  of  excitation  phenomena  and  contractile  mechanisms 
in  an  effort  to  more  closely  relate  the  biochemical  and  electrical  stimulus 
to  the  mechanical  response  in  the  muscle.  Vascular  phenomena  are  being 
closely  studied  from  the  point  of  view  of  the  hemorrheologist  on  the  one 
hand  to  the  microcirculationist  who  is  interested  in  pressure  gradients 
within  small  vessel  segments  on  the  other.   Factors  influencing  permea- 
bility at  the  capillary  level  are  being  evaluated  in  an  attempt  to  describe 
basic  mechanisms  that  will  have  significant  impact  in  shock  research. 
A  number  of  grants  are  funded  in  which  the  biochemistry,  physiology, 
pharmacology,  and  pathology  of  smooth  muscle  are  the  subjects  of  careful 
scrutiny.   The  findings  of  these  investigations  may  well  have  direct 
application  in  the  fields  of  arteriosclerosis  and  hypertension  research. 
Technique  and  instrumentation  developments  are  efforts  that  are  also 
considered  as  part  of  this  programmatic  area.   Several  large  program 
projects  are  dedicated  to  instrumentation  development.   One  is  pursing 
basic  studies  of  ultrasound  and  another  is  attacking  the  problems  posed 
in  widely  used  radiographic  techniques  with  computer  analysis  of  cardio- 
dynamics  by  X-ray  videometry.   Such  research  may  ultimately  lead  to  rapid 
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and  accurate  assessment  of  ventricular  volumes  at  various  stages  of  the 
cardiac  cycle  as  well  as  to  other  important  applications. 

The  funding  for  this  category,  for  fiscal  1973  was  $8,162,347  for  173  grants. 
Heart  Failure  and  Shock 

The  activities  of  grantees  in  heart  failure  and  shock  are  focused  on  both 
cardiac  and  vascular  phenomena  in  an  effort  to  relate  the  failure  and  shock 
syndromes  to  basic  biological  mechanisms.   Disturbanes  in  fluid  and  electro- 
lyte balance  in  congestive  heart  failure  are  being  analyzed  as  are  the  bio- 
chemcial  events  and  ultrastructure  of  the  hypertrophied  heart  with  and 
without  failure.   Investigations  are  also  being  initiated  into  the  contractile 
mechanisms  of  failing  hearts.   Research  is  continuing  to  further,  characterize 
and  define  various  factors  responsible  for  the  irreversibility  of  the  shock 
state  as  well  as  to  determine  a  proper  rationale  for  effective  treatment. 
The  greatest  emphasis  is. currently  being  directed  toward  the  sequelae  of 
hemorrhage  and  resultant  shock  state,  but  support  is  also  being  given  to 
the  cardiovascular  aspects  of  traumatic,  burn,  and  septic  shock. 

The  total  expenditure  for  this  subdivision  in  the  Cardiac  Functions  Branch 
amounted  to  $2,810,906  for  82  grants. 

Other 

Several  other  categories  are  supported  by  the  Cardiac  Functions  Branch 
(Fundamental  Research,  Coronary  Heart  Disease,  Congential  Cardiovascular 
Disease,  Cerebrovascular  Disease,  Aging).   The  Fundamental  Research  area 
includes  a  diverse  group  of  grants  that  are  primarily  biochemical  in  nature 
and  that  form  a  broad  base  of  information  for  a  niunber  of  other  subdivisions 
in  the  Branch.   These  efforts  range  in  scope  from  generalized  considerations 
of  cytochrome  oxidase  to  studies  on  copper  systems  in  biology.   The  total 
support  was  $484,288  for  15  grants.   The  grants  in  the  various  disease 
categories  listed  above  emphasize  fundamental  processes  in  the  context  of 
the  specific  pathology  in  question.   For  example,  one  study  evaluated 
coronary  flow  in  partially  obstructed  vessels.   Seven  grants  were  awarded 
in  those  categories  with  support  at  the  level  of  $293,314. 
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CLINICAL  APPLICATIONS  AND  PREVENTION 

Report  of  the  Associate  Director  for  Clinical  Applications 

and  Prevention  HV  CA  1 

Preventive  Cardiology  Branch 

Hypertension  Detection  and  Follow-Up  HV  PC  1 

Multiple  Risk  Factor  Intervention  Trial  HV  PC  11 

Nutrition  Research  HV  PC  19 

Epidemiology  Branch 

Field  Epidemiology  Research  Section  HV  EP  1 

Framingham  Heart  Disease  Epidemiology  Study  HV  EP  30 

Geographical  Diseases  Section 

Honolulu  Heart  Study  HV  EP  43 

Puerto  Rico  Heart  Program  HV  EP  51 

Nutrition  Studies  HV  EP  55 

Cardiorespiratory  Disease  Studies  HV  EP  59 

Biometrics  Research  Branch  HV  BR  1 

Clinical  Trials  Branch 

Coronary  Drug  Project  HV  CT  1 

Other  Grant-supported  Clinical  Trials  HV  CT  6 


CLINICAL  APPLICATIONS  AND  PREVENTION 
DIVISION  OF  HEART  AND  VASCULAR  DISEASES,  NATIONAL  HEART  AND  LUNG  INSTITUTE 

Summary  of  Program  Activities,  July  1,  1972  -  June  30,  1973 

As  part  of  the  reorganization  of  the  NHLI  into  a  Bureau,  Clinical  Applications 
and  Prevention,  DHVD,  was  restructured  into  four  Branches  in  place  of  three 
which  previously  existed.   The  four  Branches  and  Chiefs  are: 

Office  of  the  Associate  Director  for  Clinical  Applications 

and  Prevention  William  J.  Zukel,  M.D. ,  D.P.H. 

Biometrics  Research  Branch  Chief  Max  Halperin,  Ph.D. 
Epidemiology  Branch         Chief  Manning  Feinleib,  M.D.,  Dr.P.H. 
Clinical  Trials  Branch      Chief  William  T.  Friedewald,  M.D. 
Preventive  Cardiology  Branch  Acting  Chief  William  J.  Zukel,  M.D.,  D.P.H. 

Number  of  Staff  July  1972  June  1973 

Professional  40  35 

Supporting  24  2J^ 

Total         64  56 

The  midyear  freeze  on  personnel  replacement  came  at  a  particularly 
unfortunate  time  in  which  important  new  programs  like  the  Hypertension 
Detection  and  Follow-up  and  the  Multiple  Risk  Factor  Intervention  Trial 
have  needed  heavy  staff  involvement.   Professional  and  supporting  staff 
have  been  diverted  from  other  ongoing  research  to  assure  adequate 
assistance  in  implementing  these  new  preventive  trials.   Relief  from  these 
restrictions  on  positions  is  now  urgent  if  the  scientific  responsibilities 
relating  to  the  supervision  of  these  growing  programs  are  to  be  adequately 
maintained. 

Restriction  on  promotions  to  reduce  the  average  grade  level  has  created  a 
number  of  inequities  for  staff  who  by  training,  growth  of  experience  and 
job  responsibilities  qualify  for  grade  advancement.   If  growth  of  professional 
staff  needed  for  the  programs  in  epidemiology,  biometrics,  clinical  trials, 
and  prevention  is  to  continue,  a  more  equitable  comparability  in  grade  levels 
to  other  Institutes  and  the  outside  professionals  performing  equivalent 
functions  will  be  needed. 

Major  Areas  of  Research  Effort 

Epidemiological  research,  biometrics  research,  clinical  trials  and  two  large 
primary  prevention  programs  have  been  the  main  research  activities  during 
the  year.   Previously  established  epidemiological  projects  are  coming  into 
major  data  analysis  stages  and  should  contribute  new  findings  of  importance 
in  understanding  the  epidemiology  of  the  major  cardiovascular  diseases. 
Intervention  studies  are  in  progress  to  determine  how  best  to  reduce  major 
risk  factors  and  to  measure  the  effect  of  such  reduction  on  subsequent 
incidence  of  coronary  heart  disease. 
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A  selected  summary  of  program  highlights  from  the  research  activities  of  the 
year  is  presented  below: 

1.  The  Hypertension  Detection  and  Follow-up  Program  began  its  Phase  II 
operations  in  all  14  community  clinical  centers  in  February  1973.   Systematic 
census  enumeration  of  all  adults  aged  30-69  in  these  communities  was  initiated. 
Based  on  Phase  I  experience  of  the  previous  year  of  pilot  studies  it  is 
expected  that  at  least  90  per  cent  of  age-eligible  persons  will  be  enumerated 
and  more  than  82  per  cent  of  the  enumerated  persons  will  accept  screening 
blood  pressure  determinations  in  the  home.   All  persons  found  to  have  elevated 
blood  pressure  will  be  invited  to  attend  a  specially  established  hypertension 
clinic  for  further  evaluation.   If  the  diastolic  BP  remains  at  90  or  above, 
they  are  being  invited  to  participate  in  the  study  program  whose  objective  is 
to  determine  the  extent  to  which  morbidity  and  mortality  can  be  reduced  by  a 
systematic  management  program  using  licensed  antihypertensive  drugs.   A  total 
enrollment  of  10,500  men  and  women  between  the  ages  of  30-69  will  be  sought 

to  participate  in  this  randomized  study  to  measure  the  extent  to  which  a 
systematic  management  program  can  reduce  mortality  compared  with  regular 
care  provided  in  these  communities . 

During  the  first  2  months  from  onset  of  screening  and  enrollment  in  February, 
some  25,618  age-eligible  persons  have  been  enumerated.   Of  these,  23,438  have 
accepted  primary  blood  pressure  screening  and  1506  have  attended  the  Program 
Clinic  for  confirmation  of  elevated  blood  pressure  and  have  been  randomized 
into  either  the  stepped  care  intensive  management  or  regular  care  management 
groups.   Dr.  Gerald  Payne  is  the  Scientific  Project  Officer  for  the  Institute 
on  this  program  assisted  by  Dr.  Thomas  Hoffman  and  Dr.  Thomas  Blaszkowski. 
Dr.  Halperin  provides  statistical  liaison  to  the  Steering  Committee  and  its 
Design  and  Analysis  Committee.   Dr.  Zukel  represents  the  Institute  on  the 
Policy  Board  chaired  by  Dr.  Alvin  Shapiro,  Professor  of  Medicine,  University 
of  Pittsburgh  School  of  Medicine. 

This  major  new  prevention  study  is  proceeding  satisfactorily  in  this  initial 
stage  as  a  result  of  excellent  cooperation  and  detailed  planning  of  the 
involved  investigators. 

2.  The  Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of 
Coronary  Heart  Disease  has  been  proceeding  in  its  planning  and  organizational 
phase  during  the  year  with  an  initial  8  clinical  centers,  a  coordinating 
center  and  a  recently  established  central  laboratory.   The  objective  of  the 
MRFIT  is  to  determine  whether  or  not  a  preventive  program  directed  at  the 
reduction  of  serum  lipids,  reduction  of  blood  pressure  and  reduction  or 
elimination  of  cigarette  smoking  can  result  in  a  significant  reduction  of 
coronary  heart  disease  incidence  and  mortality  among  men  aged  35-54  who  are 
in  the  upper  decile  of  risk  of  developing  CHD  because  of  combinations  of 
these  risk  factors. 
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A  total  participant  population  of  12,000  high  risk  men  will  be  sought  for 
enrollment  into  a  6  year  randomized  prevention  trial.   Institute  efforts  at 
reduction  of  serum  lipids  through  dietary  modifications,  reduction  of  elevated 
blood  pressure  by  antihypertensive  drugs  and  assistance  in  elimination  or 
reduction  of  cigarette  smoking  will  be  given  to  the  6000  who  are  randomly 
selected  for  the  intervention  group.   The  remaining  6000  controls  will  be 
referred  to  their  regular  source  of  medical  care  for  whatever  management  is 
deemed  necessary  by  their  personal  physicians. 

An  intensive  planning  activity  has  been  in  progress  by  the  Steering  Committee 
under  the  Chairmanship  of  Dr.  Oglesby  Paul.   A  Policy  Board  has  been 
established,  chaired  by  Dr.  John  Cassel,  Professor  and  Head,  Department  of 
Epidemiology,  University  of  North  Carolina  School  of  Public  Health.   The 
protocol  has  been  completed  and  approved  by  the  Policy  Board  and  the  Institute, 
A  Manual  of  Operations  is  nearing  completion  and  will  be  submitted  for  0MB 
forms  clearance. 

Seven  additional  clinical  centers  have  been  selected  for  participation  in  this 
trial  and  a  further  5  clinical  centers  will  be  sought  through  a  further 
competitive  RFP  to  complete  the  total  of  20  centers  needed  for  enrollment  of 
the  12,000  participants  needed  for  this  6  year  trial.   A  somewhat  ambitious 
target  date  of  October  1973  for  initiating  the  screening,  enrollment  and 
beginning  of  the  intervention  program  in  the  first  8  clinical  centers  is  at 
present  scheduled. 

Dr.  Charles  Kaelber  is  the  Scientific  Project  Officer  for  the  Institute  on 
trial  assisted  by  Dr.  Lawrence  Friedman.   Dr.  Halperin  and  Mr.  Tavia  Gordon 
provide  biostatistical  liaison  and  consultation.   Miss  Jeanne  Tillotson  and 
Miss  Marilyn  Farrand  provide  nutrition  consultation.   Dr.  Zukel  represents 
the  Institute  on  the  Policy  Board. 

3.   The  Coronary  Drug  Project,  a  secondary  prevention  clinical  trial  of  lipid 
altering  drugs  has  reached  an  average  follow-up  of  56  months  on  an  enrolled 
population  of  8,400  men  aged  30-64  who  have  had  one  or  more  previous  myo- 
cardial infarctions  prior  to  entry  into  the  study.   Close  monitoring  of 
clinical  events,  deaths  and  of  toxic  effects  has  been  maintained  through  an 
established  Data  and  Safety  Monitoring  Committee.   On  the  basis  of  most 
recent  findings,  a  further  change  in  the  protocol  has  been  recommended  and 
approved  by  the  Policy  Board  resulting  in  the  withdrawal  of  the  low-dose 
estrogen  regimen  (2.5  mgm  conjugated  equine  estrogens/day) .   This  action 
has  been  taken  because  of  lack  of  evidence  of  efficacy  of  this  regimen  and 
lack  of  prospect  of  any  favorable  trend  of  results  in  the  remaining  period 
the  trial  has  to  run  to  complete  5  years  of  patient  follow-up.   The 
clofibrate  and  nicotinic  acid  regimens  are  continuing. 

Patients  on  the  previously  discontinued  5.0  mgm/day  estrogen  regimen  and  the 
6.0  mgm/day  dextrothyroxine  regimens  had  returned  to  baseline  values.   From 
this  group,  1,143  men  have  accepted  randomization  into  an  aspirin  vs  placebo 
trial  which  began  in  March  1973.   This  second  study  within  the  original  CDP 
study  will  continue  concurrently  to  the  scheduled  end  of  the  total  5  years 
of  CDP  follow-up  in  the  Spring  of  1975. 
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A  publication  of  the  latest  change  of  protocol  terminating  the  2.5  mgm/day       ^ 
estrogen  regimen  is  being  submitted  to  provide  detailed  data  leading  to  this 
decision. 

During  the  year  the  baseline  Monograph  of  the  CDP  was  published  by  Circulation. 

Two  other  publications  concerning  the  importance  of  electrocardiographic 

features  in  the  ECG  in  relation  to  prognosis  have  also  appeared.  ! 

4.  Biostatistical  assistance  and  consultation  to  the  clinical  trials  under      ( 
the  direct  responsibility  of  Clinical  Applications  and  Prevention,  DHVD,  as 

well  as  to  an  increasing  number  initiated  by  other  Branches  of  the  Institute 
have  required  participation  from  nearly  all  of  the  professional  staff  of  the 
Biometrics  Research  Branch.   The  Urokinase  Pulmonary  Embolism  Trial  and  the 
Urokinase-Streptokinase  Pulmonary  Embolism  Trial  have  been  brought  to 
completion.   Publication  of  a  Monograph  describing  methods  and  results 
appeared  in  a  Circulation  supplement  in  April  1973. 

Other  clinical  trials  receiving  consultation  are  the  Sickle  Cell  Therapy 
Trials,  the  Streptokinase  Urokinase  Myocardial  Infarction  Pilot  Trial, 
Hyperimmune  Gamma  Globulin  Trial  in  the  Prevention  of  Hepatitis  and  the 
Type  II  intramural  trial.   Such  statistical  service  functions  are  considered 
important,  however,  very  little  remaining  time  has  been  present  to  conduct 
independent  biostatistical  research. 

5.  Dr.  William  Friedewald  has  been  designated  Chief  of  the  Clinical  Trials 
Branch  to  oversee  responsibilities  for  the  Coronary  Drug  Project,  Coronary 

Drug  Project  -  Aspirin  and  other  grant  supported  trials  in  which  there  is  a      i 

need  for  direct  scientific  liaison.   Dr.  Friedewald  will  continue  to  head 

the  intramural  consultation  section  as  well  as  his  new  responsibilities.         ! 

6.  Statistical  services  and  direct  participation  in  the  ongoing  epi- 
demiological studies  in  Framingham,  Puerto  Rico,  Honolulu,  Japan,  Israel, 
and  Yugoslavia  have  been  provided  by  Mr.  Tavia  Gordon,  Mrs.  Joyce  Schiffman, 

and  Dr.  Frantz  Ashley.   Extensive  baseline  and  prospective  data  from  these       j 
studies  are  now  on  data  tapes  and  are  undergoing  systematic  analysis.   The 
availability  of  such  data  also  provides  a  valuable  resource  for  inter- 
population  comparisons  of  risk  factors  and  of  related  incidence  of  myocardial 
infarction,  sudden  death,  stroke,  diabetes,  hypertension  and  peripheral 
vascular  disease. 

i 
Data  from  the  Framingham  Study  have  also  made  possible  a  variety  of  risk 

function  calculations  to  optimize  the  selection  of  participants  for  inter-       i 

vention  trials  where  sample  size,  optimum  risk  reduction  and  cost  advantages 

can  be  achieved  by  such  planning.   A  substantial  part  of  Mr.  Tavia  Gordon's 

time  has  been  given  in  providing  data  needed  for  the  planning  of  these 

clinical  trials. 
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7.  The  Framingham  Heart  Disease  Epidemiology  Study  has  continued  to  be 
productive  in  publishing  further  findings  on  epidemiological  factors  in 
stroke,  congestive  heart  failure,  coronary  heart  disease  and  peripheral 
vascular  disease.  More  detailed  study  of  problems  of  obesity,  diabetes 
and  cigarette  smoking  have  also  been  published, 

A  Handbook  of  Coronary  Risk  Probability  has  been  produced  with  the  American 
Heart  Association  to  provide  the  physician  with  a  handy  list  of  reference 
tables  from  which  he  can  classify  the  general  level  of  risk  of  a  patient 
according  to  his  determined  levels  of  cholesterol,  blood  pressure,  cigarette 
smoking  and  presence  or  absence  of  left  ventricular  hypertrophy  by  electro- 
cardiogram.  The  wide  interest  in  this  type  of  information  has  resulted  in 
the  development  of  a  similar  handbook  for  stroke. 

The  nucleus  of  5  staff  members  maintains  the  morbidity  and  mortality  follow- 
up  and  provides  additional  direct  assistance  in  accomplishing  the  study  of 
offspring.   Some  1152  additional  offspring  have  been  examined  during  the  year 
with  a  comparable  battery  of  clinical  and  biochemical  tests  including 
lipoprotein  pheno typing. 

Collaboration  with  the  Boston  University  group  which  now  conducts  clinical 
studies  on  the  original  cohort  under  grant  and  private  auspices  continues. 
Presence  of  the  B.U.  examination  program  provides  data  of  higher  quality  than 
would  otherwise  be  obtainable  by  routine  hospital  and  mortality  surveillance. 

Dr.  William  Kannel  was  recipient  of  the  Dana  Award  in  Preventive  Medicine  and 
was  the  invited  Einthoven  Lecturer  at  the  University  of  Leiden  during  the 
past  year. 

8.  The  Framingham  Offspring  Study  mentioned  above  is  a  contract  operation 
to  provide  a  one  time  characterization  of  the  offspring  of  1644  spouse  sets 
who  were  part  of  the  original  Framingham  cohort.   More  than  2200  of  these 
offspring  have  now  undergone  examination  at  the  Framingham  facility.   Less 
than  7  per  cent  of  offspring  contacted  have  refused  the  examination.   This 
study  will  permit  the  study  of  familial  and  genetic  associations  between 
parents  and  offspring  in  regard  to  cardiovascular  risk  factors,  particularly 
the  lipid  and  lipoprotein  fractions.   A  unique  aspect  is  the  opportunity  to 
compare  laboratory  measurements  on  offspring  at  ages  closely  comparable  to 
that  of  their  parents  when  they  first  entered  the  Framingham  study  20  years 
ago. 

9.  The  NHLI  Twin  Study  has  now  collected  clinical  and  biochemical  data  on 
more  than  600  sets  of  twins  aged  25-55  under  a  standard  protocol.   Pre- 
liminary results  indicate  major  genetic  determinants  of  the  observed 
variability  in  height,  weight  and  serum  cholesterol  levels.   Moderate  genetic 
effects  are  evident  on  blood  pressure  but  virtually  no  genetic  component  is 
found  for  variability  of  serum  triglycerides.   Detailed  analysis  will  be 
undertaken  on  a  variety  of  risk  factor  characteristics  during  the  next 
fiscal  year. 
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10.  Mortality  Trends  in  Fluoridated  and  Non- fluoridated  Cities  in  the  U.S. 
have  been  studied  in  the  Epidemiology  Branch  as  a  result  of  questions  which 
have  been  raised  about  such  trends  found  in  a  few  small  cities. 

An  intensive  effort  has  been  directed  to  obtain  raw  population  and  mortality 
data  from  484  cities  in  the  U.S.  with  populations  of  25,000  or  more  in  1950. 
A  comparison  of  the  mortality  trends  of  230  cities  in  which  fluoridation  of 
water  supplies  was  introduced  since  1945  with  the  mortality  trends  of  215 
cities  which  did  not  introduce  fluoridation  was  made. 

No  adverse  effect  on  mortality  was  found  in  the  cities  which  introduced 
fluoridation  compared  with  cities  which  did  not  undertake  fluoridation  of 
their  water  supplied.   An  anomalous  increase  in  mortality  rate  in  Newburgh, 
N.Y.  has  been  found  and  appears  to  be  the  result  of  a  marked  change  in  the 
population  of  the  city  with  a  large  influx  of  lower  socioeconomic  level 
individuals . 

More  detailed  analysis  of  these  mortality  trends  will  be  conducted  in  the 
next  fiscal  year,  however,  the  data  on  mortality  trends  from  1950  through 
1970  comparing  cities  with  and  without  fluoridation  of  water  supplies 
confirm  a  lack  of  adverse  effect  of  fluoridation  on  mortality.   In  cities 
with  naturally  high  fluoride  content  of  their  water  supplies,  mortality  was 
actually  lower  than  found  in  cities  where  natural  level  of  fluoride  in  the 
water  was  low. 

11.  The  Honolulu-Hiroshima-San  Francisco  Study  of  Coronary  Heart  Disease, 
Hypertension  and  Stroke  is  continuing  to  acciamulate  clinical  events,  deaths 
and  necropsy  materials  which  will  allow  correlation  of  antecedent 
characteristics  with  incidence  and  severity  of  atherosclerotic  disease. 

A  joint  report  using  comparable  methodology  between  the  Framingham,  Honolulu, 
and  Puerto  Rico  epidemiological  studies  was  produced  to  look  at  myocardial 
infarction  incidence  documented  by  ECG  and  coronary  heart  disease  deaths  in 
these  3  populations.   The  incidence  of  MI  and  of  CHD  death  combined  was 
twice  as  high  in  Framingham  as  in  the  Honolulu  Japanese-American  men  and  the 
Puerto  Rican  men  aged  45-64. 

Although  serum  cholesterol,  systolic  blood  pressure  and  amount  of  cigarettes 
smoked  were  related  to  incidence  of  MI  and  CHD  death  in  both  the  Honolulu 
and  Framingham  populations,  differences  in  these  factors  could  not  account 
for  the  low  rates  found  in  the  Honolulu  or  Puerto  Rican  populations . 
Mortality  from  CHD  among  the  Honolulu  Japanese-Americans  was  one-fourth  of 
that  found  in  Framingham.   These  findings  suggest  that  other  factors  must 
influence  the  severity  as  well  as  the  incidence  of  coronary  heart  disease 
in  these  populations. 
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An  additional  finding  in  the  Honolulu  population  is  the  high  prevalence  of 
elevated  triglycerides  and  of  Type  IV  hyperlipoproteinemia.   The  low  incidence 
of  coronary  disease  in  the  presence  of  high  triglycerides  indicates  a  less 
important  role  of  triglycerides  as  risk  factor  than  has  been  postulated  by 
clinical  investigators. 

The  further  numbers  of  events  which  will  become  available  through  the 
additional  years  of  follow-up  of  the  original  cohort  of  9,878  men  identified 
at  baseline  and  the  8,006  who  participated  in  the  voluntary  examinations  will 
allow  firmer  prospect  of  clarifying  a  number  of  these  less  resolved  issues. 

12.  The  Puerto  Rico  Heart  Program  provides  a  second  low  CHD  incidence 
population  for  delineation  of  risk  factor  associations  in  studying  the 
epidemiology  of  coronary  heart  disease  and  hypertension.   The  above  inter- 
study  comparison  with  Framingham  and  Honolulu  revealed  an  incidence  of 
myocardial  infarction  and  of  death  from  CHD  among  Puerto  Rican  men  to  be 
less  than  one-half  of  that  found  for  Framingham  men  aged  45-64.   Despite 
the  large  study  population  of  9,814  men  on  whom  extensive  baseline  data 
were  obtained  during  the  period  1965-67,  the  incidence  of  events  has  only 
allowed  partial  identification  of  risk  factor  determinants.   Both  cholesterol 
levels  and  blood  pressure  levels  are  directly  related  to  CHD  incidence  in 
this  population,  but  the  amount  of  cigarettes  smoked  has  not  yet  shown 
influence  on  CHD  incidence.   High  triglycerides  are  found  in  this  population, 
particularly  being  associated  with  evidence  of  obesity  which  is  appearing 
most  commonly  among  younger  urban  males.   It  is  apparent  that  mainland 
patterns  of  living  are  rapidly  becoming  established  in  the  urban  areas  so 
that  the  favorable  situation  relating  to  coronary  heart  disease  may  not  be 
maintained  for  many  more  years. 

13.  Nutritional  Studies  within  the  epidemiological  projects  in  Puerto  Rico, 
Honolulu  and  Hiroshima  have  been  coming  to  data  analysis  stages.   Miss 
Jeanne  Tillotson,  Consultant  Dietitian  on  the  staff  of  the  CAP  has 
coordinated  these  studies  with  the  Principal  Investigators  and  staff  of 
these  population  studies  since  their  inception. 

Some  of  the  major  findings  from  the  nutrition  studies  in  the  Hiroshima  and 
Honolulu  populations  have  now  been  published.   A  significant  positive 
regression  of  serum  cholesterol  levels  with  the  per  cent  of  calories  from 
saturated  fat  has  been  demonstrated.   A  further  significant  negative 
regression  of  serum  cholesterol  levels  with  per  cent  of  calories  from 
complex  carbohydrate  has  been  found  within  both  the  Hiroshima  population 
and  within  the  Honolulu  population.   This  appears  to  be  the  first  time  that 
such  regressions  have  been  found  within  population  groups  whereas  previously 
such  findings  could  only  be  demonstrated  between  populations  of  markedly 
different  dietary  intake.   Such  findings  provide  a  stronger  expectation  that 
changes  in  the  general  dietary  patterns  of  populations  will  show  effect  on 
the  mean  cholesterol  levels  of  such  populations  if  organized  preventive 
programs  are  undertaken  in  the  future. 
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The  methodology  developed  for  these  population  studies  has  also  turned  out 
to  be  of  great  value  in  planning  the  dietary  interview  methods  and  data 
analysis  for  nutrient  intake  in  the  Multiple  Risk  Factor  Intervention  Trial. 
Miss  Tillotson  is  actively  involved  in  the  planning  activities  of  the 
Nutrition  Committee  of  MRFIT  and  is  Chairman  of  the  subcommittee  planning 
data  collection  data  processing  and  analysis. 

14,   Nutrition  Research  and  Education  relating  to  the  development  of  more 
effective  techniques  for  nutrition  education  for  practical  use  with  persons 
with  hyper lipidemia  has  been  identified  to  be  of  importance  for  the  Multiple 
Risk  Factor  Intervention  Trial  and  is  an  evident  general  need. 

Two  projects  in  Chicago  are  in  progress  to  help  develop  improved  methodology, 
one  focused  on  a  teaching  approach  which  helps  participants  modify  their 
intake  of  five  food  groups  that  contribute  most  of  the  saturated  fat  and 
cholesterol  found  in  the  typical  American  diet.   Trained  lay  personnel  are 
actually  used  in  teaching  how  to  modify  food  intake  and  motivate  the 
maintenance  of  new  eating  patterns.   Four  educational  methods  -  individual, 
group,  self-teaching  and  multi-method  approaches  have  been  developed  and 
are  being  tested. 

The  second  project  is  attempting  to  provide  techniques  for  an  educational 
diagnosis  which  can  identify  in  advance  the  particular  type  of  learner  an 
individual  is  and  the  preferred  technique  of  learning  he  most  readily 
responds  to.   Instructional  approaches,  graphic  or  audiovisual  materials 
can  potentially  be  structured  more  effectively  for  different  groups  of 
learners  by  their  preferred  learning  technique. 

The  development  of  educational  materials  appropriate  for  the  Multiple  Risk 
Factor  Intervention  Trial  participants  is  the  immediate  task  that  such 
materials  will  be  needed  for.   Miss  Farrand  participates  on  the  Nutrition 
Committee  and  is  Chairman  of  its  task  force  to  review  educational  materials 
and  co-chairman  of  its  committee  to  develop  new  nutrition  education  materials, 

The  general  interest  in  nutrition  has  increased  substantially  around  the 
country  and  Miss  Farrand  has  been  actively  involved  in  professional 
education  programs  sponsored  by  voluntary  and  official  agencies  during 
the  year. 
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15.  Cardiorespiratory  research  initiated  within  the  Epidemiology  and  Bio- 
metrics Research  Branches  in  previous  years  is  being  continued  even  though 
the  Lung  Division  is  now  developing  its  own  research  in  this  area. 

Dr.  Albert  Roberts  is  Project  Officer  for  a  P.L.  480  study:   "Investigation 
of  Etiologic  and  Risk  Factors  in  Respiratory  Disease  Among  Yugoslavian 
Populations"  which  is  in  its  second  year  of  operation. 

A  previous  project  involving  the  prospective  cardiovascular  disease  study  of 
11,121  men  aged  35-64  has  completed  its  final  examination  cycle  during  the 
year  to  provide  eight  year  incidence  data  on  myocardial  infarction,  death 
from  CHD  and  incidence  of  hypertensive  heart  disease. 

The  continuing  respiratory  disease  studies  have  resulted  from  the  finding  of 
a  high  prevalence  of  clinical  and  pulmonary  function  test  abnormalities  in 
this  population. 

Sera  of  individuals  with  clinically  established  emphysema  and  a  matched  group 
of  controls  will  be  sent  to  the  laboratory  of  Dr.  Jack  Pierce  in  St.  Louis 
for  antitrypsin  pheno typing. 

A  similar  case-control  study  from  the  Honolulu  population  has  been  carried 
out.   Findings  are  not  yet  available. 

16.  Two  other  large  epidemiological  studies  producing  data  on  obstructive 
lung  disease  have  progressed  to  completion  or  near  completion  of  data  analysis 
by  Mr.  Eugene  Rogot:   The  Relationship  of  Use  of  Tobacco  to  Health  has  been 
investigated  in  a  final  16  year  follow-up  of  an  original  population  of  about 
248,000  persons  who  provided  information  on  their  tobacco  use  in  1953.   The 
project  was  initiated  at  that  time  by  Dr.  Harold  Dorn,  the  first  Chief  of 

the  Biometrics  Research  Branch.   Mortality  follow-up  has  been  extended  from 
Dorn's  previous  report  by  Harold  Kahn  in  1962.   The  present  report  covers 
the  additional  years  of  follow-up  to  1969. 

The  main  findings  relating  to  death  from  all  causes  revealed  confirmation  of 
the  earlier  findings  of  Dorn  and  Kahn.   The  additional  mortality  experience 
extending  to  16  years  reveals  that  cigarette  smokers  experienced  by  far  the 
highest  mortality  levels  followed  by  cigar  smokers  and  then  by  pipe  smokers. 
Ex-cigarette  smokers  who  discontinued  for  reasons  other  than  their  physician's 
orders  had  risks  between  the  levels  of  the  cigarette  smokers  and  non-smokers 
with  the  mortality  level  depending  largely  on  the  time  discontinued.   Many 
groups  of  former  cigarette  smokers  demonstrated  risks  at  or  close  to  the 
non-smoker  levels  by  the  end  of  the  16  year  follow-up;  for  others  some  excess 
risk  remained  to  the  end  of  the  16  year  period. 

Cardiovascular  and  Respiratory  Disease  Among  British  and  Norwegian  Migrants 
in  the  United  States  has  been  under  study  in  collaboration  with  Professor 
Donald  D.  Reid  at  the  London  School  of  Hygiene  and  Tropical  Medicine  and 
Dr.  Einar  Pederson,  Director  of  the  Norwegian  Cancer  Registry.   Data  from  a 
sample  of  50,000  British  and  Norwegian  migrants  in  the  U.S.A.  and  a  sample 
of  20,000  U.S.  native  born  was  collected  in  1963-64.   Corresponding 
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morbidity  studies  were  carried  out  in  the  U.K.  and  Norway  on  siblings  of  the 
migrants  and  representative  samples  of  the  resident  native  population.   A 
mortality  analysis  for  the  entire  migrant  population  is  being  conducted. 
Prospective  mortality  data  will  be  available  to  relate  to  a  variety  of  demo- 
graphic, socioeconomic,  occupation  income,  age  at  migration,  smoking,  urban- 
rural  residence  and  air  pollution  indices. 

17.   General  professional  consultation  and  assistance  to  outside  researchers. 
Federal  agencies  and  the  World  Health  Organization  has  also  been  provided  on 
aspects  relating  to  population  studies,  epidemiological  studies,  clinical 
trials  and  recent  interest  in  preventive  programs.   The  professional  staff 
served  on  numerous  committees,  panels  and  ad  hoc  groups.   Affiliation  with 
local  universities  has  been  encouraged  and  a  limited  amount  of  teaching  is 
provided  by  the  staff  when  they  can  fit  this  in  with  their  primary 
research  commitments. 

Besides  the  Dana  Award  received  by  Dr.  William  Kannel;  Dr.  Manning  Feinleib 
received  the  Spiegelman  Medal  of  the  American  Public  Health  Association. 
Marian  Fisher  of  the  Biometrics  Research  Branch  received  her  Ph.D.  in 
Mathematical  Statistics  from  George  Washington  University  and  Marthana 
Hjortland  in  Mr.  Gordon's  group  received  her  Ph.D.  in  biostatistics  from  the 
University  of  Minnesota.   Other  detailed  staff  activities  are  provided  in 
the  attached  report. 

In  summary,  expanding  responsibilities  and  direct  participation  in  increasing 
numbers  of  projects  have  been  accomplished  during  the  year  in  spite  of 
restrictions  on  replacement  of  staff.   This  has  been  possible  through  the 
active  involvement  of  the  senior  professionals  in  the  planning  and  super- 
vision of  the  major  studies  but  with  increasing  reliance  on  promising  junior 
staff  for  various  tasks  of  implementation. 

The  concern  is  that  so  little  time  can  now  be  devoted  with  each  research 
program  that  inapparent  problems  may  develop  and  become  serious  before  they 
are  detected.   Such  problems  can  result  in  the  loss  of  valuable  research 
data  or  unrecognized  hazards  to  participants  in  clinical  trials.   A 
secondary  problem  is  that  full  commitment  of  time  in  providing  services  to 
the  increasing  number  of  clinical  trials  does  not  allow  time  for 
independent  research  contributions  and  publications  by  professional  staff. 

It  is  unrealistic  to  expect  that  adequate  supervision  of  program 
responsibilities  can  continue  indefinitely  without  at  least  full 
restoration  of  previous  positions.   Some  flexibility  in  redefining 
position  descriptions  and  responsibilities  will  also  provide  some  relief 
for  program  needs. 
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Serial  No.  NHLI-HV-PC-HP3 

1.  Associate  Director  for 
Clinical  Applications 
and  Prevention 

2.  Preventive  Cardiology 
Branch 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1972,  through  June  30,  1973 

Project  Title:   Controlled  Clinical  Trials  of  Therapy  for  Hypertension  in 
the  General  Population  -  NHLI  Hypertension  Detection  and  Follow-Up 
Program 

Previous  Serial  Number:   NHLI-TEB-HP2 

Principal  Investigator:   Dr.  Gerald  H.  Payne,  Epidemiologist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director  for  Clinical 
Applications  and  Prevention,  served  as  Executive  Secretary  for  the 
review  panels,  NHLI  coordinator  for  the  Program  and  is  serving  as 
Scientific  Project  Officer  for  the  related  contracts.   He  is  a  repre- 
sentative of  NHLI  on  the  Steering  Committee. 

Other  Investigators:   Dr.  Max  Halperin,  Chief,  Biometrics  Research  Branch, 
is  serving  as  the  chief  NHLI  Statistical  Consultant  for  this  project 
and  is  a  voting  member  of  the  Steering  Committee  of  this  collaborative 
trial. 

Dr.  Thomas  E.  Hoffman  is  assistant  to  the  Scientific  Project  Officer. 
He  serves  as  liaison  officer  and  recording  secretary  for  the  Steering 
Committee. 

Dr.  Thomas  P.  Blaszkowski,  Pharmacologist,  serves  as  liaison  for 
toxicology  and  endpoints. 

Cooperating  Units:   Consultation  provided  by  Dr.  Gerald  Cooper,  Chief, 

Clinical  Chemistry  and  Hematology  Branch,  Center  for  Disease  Control, 
Atlanta. 

Man  Years : 

Total:  3.5 

Professional:  2.5 

Other:  1.0 

Project  Description: 

Introduction:   The  Principal  Investigators  and  Co-Investigators  of  the 
14  clinical  centers,  the  Coordinating  Center,  the  ECG  Center  and  the  Central 
Laboratory  have  met  together  on  a  monthly  basis  as  a  Steering  Committee  and 
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in  numerous  subcommittees  on  several  other  occasions  to  update  the  Program 
protocol  and  develop  the  Manual  of  Operations  for  the  Phase  II  cooperative 
Hypertension  Detection  and  Follow-Up  Program.   Each  of  the  investigators  has 
carried  out  pilot  studies  and  pretests  within  his  own  community  and  has 
embarked  on  the  Phase  II  enrollment  as  of  February,  1973. 

The  Policy  Advisory  Board,  the  chief  advisory  committee  to  NHLI  on  this 
Program,  has  met  four  times  this  fiscal  year  to  review  the  progress  made  by 
the  Program  as  a  whole  and  by  individual  centers  in  both  the  pilot  studies 
and  collaborative  phase,  review  proposed  changes  in  the  Program  protocol, 
review  the  Manual  of  Operations,  and  review  individual  ancillary  study  pro- 
posals.  They  have  also  made  protocol  policy  recommendations  to  the  Steering 
Committee  and  have  recently  recommended  members  for  the  Toxicity  6e  Endpoints 
Evaluation  Committee  to  the  Director  of  NHLI. 

On  April  23-24,  they  reviewed  requests  for  contract  renewal  for  11  of 
the  centers  and  approved  all  11  for  continued  funding. 

Objectives:   The  goal  of  the  Hypertension  Detection  and  Follow-Up 
Program  is  to  determine  the  effectiveness  of  a  systematic  approach  of  anti- 
hypertensive therapy  in  those  xd.th  elevated  blood  pressure  in  community 
based  populations. 

General  Background,  Rationale  and  Purpose;  Treatment  of  elevated  blood 
pressure  constitutes  one  of  the  most  important  challenges  to  chronic  disease 
control  in  the  United  States  at  the  present  time.   This  is  true  in  regard  to 
all  segments  of  the  adult  population  —  young,  middle-aged  and  aging,  male 
and  female,  affluent  and  impoverished,  white  and  black. 

Altogether,  persons  with  elevated  blood  pressure  number  well  over 
20,000,000  in  the  United  States.   Recent  studies  have  confirmed  that:   ele- 
vated blood  pressure  is  associated  with  significant  risk  of  morbidity,  mor- 
tality, disability  and  pronature  death  from  major  complications,  a  substantial 
proportion  of  individuals  with  elevated  blood  pressure  in  the  American  popu- 
lation are  unaware  that  they  harbor  this  condition;  and  a  sizeable  proportion 
of  known  hypertensives  are  not  being  treated  on  a  continuing  basis.   Two 
recent  reports  by  the  Veterans  Administration  Cooperative  Study  Group  on 
Antihypertensive  Agents  demonstrates  the  efficacy  of  long-term  therapy  for 
elevated  blood  pressure  in  reducing  rates  of  morbidity  and  mortality  in  males. 


HV  PC  2 


Serial  No.  NHLI-HV-PC-HP3 

1.  Associate  Director  for 
Clinical  Applications 
and  Prevention 

2.  Preventive  Cardiology 
Branch 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1972,  through  June  30,  1973 

This  valuable  study  included  male  patients  who  had  volunteered  to  come  to 
the  Medical  Care  System,  a  high  proportion  of  whom  had  considerable  target 
organ  damage  at  the  initiation  of  the  study.   These  patients  also  had  a  sus- 
tained elevated  blood  pressure  greater  than  90  diastolic  during  a  period  of 
hospitalization  prior  to  inclusion  in  the  study.   Every  attempt  was  made  to 
exclude  patients  who  would  probably  not  continue  on  therapy  before  starting 
the  trial.   Younger  hypertensives  were  under-represented  in  this  study,  and 
women  were  not  included.   These  selective  features  make  it  very  difficult  to 
immediately  and  literally  transpose  the  results  of  the  Veterans  Administra- 
tion Study  into  a  campaign  to  treat  all  hypertensives. 

These  considerations  bring  into  clear  focus  the  challenges  facing  medical 
care  today  in  regard  to  the  problem  of  hypertension: 

1)  Ability  to  identify  persons  with  hypertension  in  represen- 
tative American  communities  across  the  country  and  bring 
them  under  effective  long-term  treatment. 

2)  Ability  to  demonstrate  benefit  of  such  long-term  anti- 
hypertensive therapy,  i.e.,  reduction  of  cardiovascular 
morbidity,  disability  and  mortality,  with  improvement  of 
life  expectancy  and  quality  of  life,  for  the  broad 
spectrum  of  hypertensives  in  the  general  population. 

The  Hypertension  Detection  and  Follow-Up  Program  addresses  itself 
directly  to  these  two  challenges. 

Since  the  aim  of  this  Program  is  to  determine  the  effectiveness  of  a 
systematic  approach  of  antihypertensive  medication  in  the  full  spectrxom  of 
individuals  with  elevated  blood  pressure,  there  is  no  criteria  for  exclusion. 
Eligibility  is  determined  solely  on  the  basis  of  blood  pressures  in  the  home 
and  clinic.   The  eligible  population  includes  many  persons  with  no  demon- 
strable target  organ  damage.  Women,  younger  adults,  and  persons  who  would 
have  been  eliminated  from  classical  clinical  trials  because  of  risk  of  non- 
participation  are  included  in  the  Program  in  the  same  proportion  in  which 
they  are  detected  in  the  community  and  agree  to  participate. 

In  addition,  it  is  anticipated  that  this  Program  will  enhance  our  know- 
ledge regarding  specific  requirements  and  means  for  achieving  therapy  of 
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hypertension  in  various  strata  of  the  United  States  population  in  a  fashion 
widely  applicable  to  whole  communities.   This  knowledge  will  result  from 
assessment  of  performance  of  health  manpower  in  various  categories;  methods 
of  organization  and  administration  of  hypertension  control  facilities,  edu- 
cation of  professional  staff,  health  education  and  contact  with  participants 
(at  the  medical  care  facility,  at  work,  in  their  homes);  and  costs  of  certain 
components  of  the  effort.  Rates  of  participation  in  clinic  appointments  and 
adherence  to  prescribed  therapy  will  be  monitored  and  evaluated. 

Finally,  this  Program  will  enhance  our  knowledge  concerning  the  preva- 
lence, clinical  course  and  prognosis  of  elevated  blood  pressure  and  hyper- 
tensive disease  of  varying  degrees  of  severity  in  white  and  black  men  and 
women  in  the  age  range  30-69. 

Methodology:   Individuals  age  30-69  in  14  defined  communities  are  being 
identified  by  a  census  or  household  enumeration  supervised  by  the  Coordinating 
Center.   Each  community  clinical  center  has  initiated  primary  screening  in 
the  homes  (or  at  work  as  in  one  center)  of  adults  aged  30-69  identified  in 
the  census.   Individuals  with  elevated  diastolic  blood  pressure  (>^95  mm  Hg) 
are  invited  to  the  clinic  in  a  few  days  for  recheck  of  their  blood  pressure. 
It  is  estimated  that  from  7,000-17,000  adults  will  be  screened  at  each  center 
in  order  to  enroll  approximately  10,500  hypertensives.   If  the  diastolic 
pressures  taken  at  the  clinic  are  also  elevated  >_90  mm  Hg,  a  detailed  medical 
history  and  screening  cardiovascular  physical  examination  is  given,  including 
baseline  laboratory  tests,  an  electrocardiogram  and  a  chest  x-ray. 

Of  the  persons  identified  and  confirmed  at  follow-up  screening  clinics 
to  have  elevated  diastolic  blood  pressure,  a  representative  half  are  being 
referred  for  treatment  to  usual  sources  of  medical  care  in  the  community. 
For  those  whose  hypertension  is  severe,  immediate  steps  are  being  taken  to 
assist  them  in  obtaining  medical  attention.   The  other  half  is  being  invited 
to  participate  in  the  "Stepped  Care"  Group  which  receives  systematic  anti- 
hypertensive management  by  the  Program  staff.   Communication  with  personal 
physicians  is  being  sought  and  maintained  to  enlist  their  support.   "Stepped 
Care"  refers  to  the  plan  of  therapy  in  which  mild  antihypertensive  agents  are 
initially  prescribed  and  more  potent  agents  added,  if  necessary,  in  a  step- 
wise manner  until  the  goal  blood  pressure  (below  90  mm  Hg  diastolic  or  10  mm 
below  baseline,  whichever  is  lower)  or  as  close  to  goal  pressure  as  tolerated 
is  reached.   Only  standard  licensed  drugs  will  be  used  in  the  Stepped  Care 
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Program.  Many  efforts  are  being  made  to  encourage  these  patients  to  return 
to  follow-up  clinics.  Also,  an  educational  approach  is  being  employed  to 
help  these  patients  maintain  adherence  to  therapy  and  be  aware  of  other  risk 
factor,  problems  such  as  cigarette  smoking,  obesity  and  hypercholesterolemia. 
Close  observation  is  being  maintained  to  control  side  effects  and  toxicity 
as  well  as  to  assess  effects  on  living  patterns  of  participants. 

Mortality  surveillance  for  the  entire  population  identified  in  the 
census  will  be  carried  out  each  year  under  the  supervision  of  the  Coordinating 
Center.   Periodic  objective  evaluations  will  be  conducted  to  determine  whether 
the  occurrences  of  major  complications  of  hypertension  such  as  death,  stroke, 
heart  attack  and  kidney  failure  have  been  reduced  by  the  systematic  manage- 
ment program. 

To  determine  if  a  statistically  significant  reduction  in  total  mortality 
can  be  effected,  a  five-year  period  of  observation  is  anticipated;  hence, 
relatively  stable  populations  are  required.   Fourteen  clinical  centers,  a 
Central  Laboratory,  an  ECG  Center  and  a  Coordinating  Center  are  being  funded 
by  the  NHLI  to  carry  out  this  Program. 

Results  -  Summary  of  Phase  I  Findings;  During  Phase  I  of  the  Program, 
the  investigators  of  the  nine  initially-contracted  clinical  centers  and  the 
Coordinating  Center  have  carried  out  pilot  programs  to  determine  effective 
ways  to  screen  populations  for  elevated  blood  pressure  and  to  encourage  those 
with  high  blood  pressure  to  enter  a  treatment  program.   A  total  of  10,984 
persons  aged  30-69  were  screened  by  the  clinical  centers  during  Phase  I. 
Fifty-seven  percent  of  those  screened  were  females  and  43%  males.   Fifty  per- 
cent were  black.   The  overall  prevalence  at  primary  screening  of  fifth  phase 
diastolic  blood  pressure  >^90  mm  Hg  was  approximately  30%.   Prevalence  varied 
considerably  a^iong  the  centers  with  a  low  of  14.6%  in  an  almost  exclusively 
white  working-class  population  to  a  high  of  60%  in  an  almost  exclusively 
black  population.   When  the  population  is  classified  into  sex- race  strata, 
black  males  had  the  highest  prevalence,  60%,  followed  by  black  females, 
58^.5%.   Non-black  males  had  a  prevalence  of  27%,  and  non-black  females  had  a 
21%  prevalence. 

Phase  I  experience  has  shown  that  household  enumeration  and  census  can 
be  completed  in  approximately  90%  of  occupied  households. 
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Primary  screening  of  age-eligible  persons  identified  by  enumeration  was 
completed  on  the  average  in  82%  of  cases.  An  average  of  79%  of  prospective 
hypertensives  identified  at  primary  screening  came  in  for  secondary  screening. 
An  average  of  88%  of  persons  eligible  for  the  treatment  program  accepted.  A 
variety  of  methods  have  been  utilized  to  motivate  patients  to  adhere  to  the 
prescribed  medications  and  to  continue  to  return  for  follow-up  over  an 
extended  period  of  time. 

Several  of  the  individual  centers  involved  in  Phase  I  have  compiled 
information  on  demographic  data  in  the  Phase  I  sampling,  co-morbidity  in  the 
Phase  I  population,  and  factors  correlating  with  adherence  in  the  Phase  I 
population,  and  are  contemplating  publication  of  these  facets.  The  Coordi- 
nating Center  has  presented  a  report  on  evaluation  of  automated  blood  pres- 
sure recording  instruments  to  the  Council  on  Epidemiology  of  the  American 
Heart  Association  in  New  Orleans  on  March  13,  1973,  and  plans  publication  of 
these  results.   The  Georgetown  University  center  has  published  an  article  on 
some  of  its  Phase  I  work  (Finnerty,  et  al,  "Hypertension  in  the  Inner  City. 
II.  Detection  and  Follow-Up."  Circulation,  Vol.  XLVII,  76-78,  January  1973). 

Five  additional  clinical  centers  were  added  to  the  Program  by  July, 
1972,  in  order  to  meet  the  sample  size  calculations  of  10,500  hypertensives 
randomized  into  the  Program.   These  centers  have  hired  personnel,  acquired 
the  necessary  equipment,  and  participated  with  the  nine  original  clinical 
centers  in  a  pretest  of  Phase  II  forms  in  the  fall  of  1972.   The  Coordinating 
Center  organized  standardized  training  sessions  for  blood  pressure  measure- 
ment and  health  counselling  in  January,  1973.  Also,  training  sessions  for 
ECG  Center  and  Central  Laboratory  personnel,  respectively. 

Screening  and  enrollment  into  the  Phase  II  program  began  in  February. 
As  of  April  23,  1973,  25,618  of  these  age-eligible  persons  have  been  enu- 
merated in  the  fourteen  communities;  23,438  of  these  have  undergone  primary 
screening,  and  1506  have  visited  the  Program  clinics  and  have  been  randomized 
into  the  Program. 

Projected  Course;   It  is  anticipated  that  screening  and  enrollment  will 
be  completed  by  December,  1973,  or  January,  1974,  and  the  first  annual 
assessment  home  visits  will  begin  in  February  1974.   It  is  estimated  that  it 
will  take  approximately  five  years  of  follow-up  observations  to  demonstrate 
a  statistically  significant  reduction  in  mortality;  however,  an  ongoing 

HV  PC  6 


Serial  No.  NHLI-HV-PC-HP3 

1.  Associate  Director  for 
Clinical  Applications 
and  Prevention 

2.  Preventive  Cardiology 
Branch 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1972,  through  June  30,  1973 

analysis  of  endpolnt  events  will  be  undertaken  to  determine  if  effectiveness 
of  therapy  can  be  demonstrated  at  an  earlier  date  in  the  entire  randomized 
group  of  hypertensives  or  In  any  prestratif led  subgroup. 

The  cost  of  the  Program  in  FY73  is  approximately  $6.1  million.   It  is 
estimated  that  the  cost  for  FY74  will  be  $7.4  million. 

Participating  Centers:   The  Hypertension  Detection  and  Follow-Up  Program 
clinical  centers  and  their  principal  Investigators  are: 

Reuben  Berman,  M.  D. 
Mount  Sinai  Hospital 
Minneapolis,  Minnesota 

M.  Donald  Blaufox,  M.  D.,  Ph.D./Bertrand  M.  Bell,  M.  D. 
Albert  Einstein  College  of  Medicine 
Bronx,  New  York 

Nemat  0.  Borhanl,  M.  D. 

University  of  California  School  of  Medicine 

Davis ,  California 

C.  Hilmon  Castle,  M.  D. 
University  of  Utah  Medical  Center 
Salt  Lake  City,  Utah 

Sandra  A.  Daugherty,  M.  D.,  Ph.D. 
Michigan  State  University 
East  Lansing,  Michigan 

George  Entwlsle,  M.  D. /Maureen  Henderson,  M.  D. 
University  of  Maryland  School  of  Medicine 
Baltimore,  Maryland 

Frank  A.  Finnerty,  Jr.,  M.  D. 
Georgetown  University  School  of  Medicine 
Washington,  D.  C. 
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Curtis  G.  Hames,  M.  D./Iqbal  Krishan,  M.  D. 
Evans  County  Health  Department 
Claxton,  Georgia 

Edward  Kass,  M.  D. /James  0.  Taylor,  M.  D. 
Boston  City  Hospital 
Boston,  Massachusetts 

Herbert  Langford,  M.  D. 

University  of  Mississippi  Medical  Center 

Jackson,  Mississippi 

Morton  Maxwell,  M.  D. 
Cedars-Sinai  Medical  Center 
Los  Angeles,  California 

Harold  W.  Schnaper,  M.  D. /Albert  Oberman,  M.  D. 
University  of  Alabama  Medical  Center 
Birmingham,  Alabama 

Jeremiah  Stamler,  M.  D. 

Northwestern  University  Medical  School 

Chicago,  Illinois 

Elbert  P.  Tuttle,  M.  D. /Charles  A.  Gilbert,  M.  D. 
Emory  University  School  of  Medicine 
Atlanta,  Georgia 

The  Coordinating  Center  and  Principal  Investigators  are: 

Richard  Remington,  Ph.D. /Darwin  R.  Labarthe,  M.  D. 
University  of  Texas  School  of  Public  Health 
Houston,  Texas 

The  Central  Laboratory  and  Principal  Investigator  is: 

Kenneth  A.  Schneider,  M.  D. 
Northwestern  Memorial  Hospital 
Chicago,  Illinois 
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The  ECG  Center  and  Principal  Investigators  are: 

Ronald  Prineas,  M.B.,  Ph.D. /Henry  Blackburn,  M.  D. 
Laboratory  of  Physiological  Hygiene 
University  of  Minnesota  School  of  Public  Health 
Minneapolis,  Minnesota 

Other  Activities;  During  this  fiscal  year,  Dr.  Payne  has  served  as 
Chairman  of  Task  Force  III,  Community  Education  for  the  Working  Group  of  the 
National  High  Blood  Pressure  Education  Program.   The  Task  Force  has  met  at 
least  once  a  month  since  August,  1972,  and  has  prepared  three  interim  reports 
for  the  Secretary's  Hypertension  Information  and  Education  Advisory  Committee. 
The  Task  Force  developed  plans  for  an  interview  survey  of  a  national  sample 
regarding  public  knowledge  and  behavior  regarding  high  blood  pressure. 
Dr.  Payne  is  project  officer  for  the  contract  for  this  survey  which  is  held 
with  Louis  Harris  and  Associates.   The  data  acquisition  will  be  completed  by 
June,  1973,  and  analysis  by  August,  1973.   (Contract  cost:   $129,280)   The 
Task  Force  also  sponsored  a  Community  Education  Development  Workshop  in 
Atlanta  in  April  which  thirty  invited  community  leaders  and  representatives 
of  seven  ongoing  community  hypertension  programs  attended.  A  final  report  of 
these  activities  will  be  presented  to  the  Advisory  Committee  in  July,  1973. 

Dr.  Blaszkowski  and  Dr.  Payne  are  serving  as  liaison  officers  to  the 
Veterans  Administration  Research  Service  in  a  double-blind  clinical  trial  of 
propranolol  to  be  carried  out  in  seven  V.  A.  hospitals  with  staff  experienced 
in  clinical  drug  trials.   The  project  will  take  an  estimated  two  years. 
(Interagency  Agreement  cost:   $69,500) 

Consultations : 

Southeastern  States  Regional  Medical  Program 

Hypertension  Committee 

Consultation  on  community  hypertension  control  programs 

Georgia  Heart  Association 

Consultation  on  community  education  in  hypertension 

National  Center  for  Health  Statistics 
Consultation  on  hypertension  questionnaire 
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Publications  Related  to  the  HDFP; 

FINNERTY,  F.  A.,  Jr.,  SHAW,  L.  W. ,  HIMMELSBACH,  C.  K. :  Hypertension 
in  the  Inner  City.  II.  Detection  and  Follow-Up.   Circulation, 
Volume  XLVII,  76-78,  January  1973. 

STAMLER,  J.,  BERKSON,  D.M. ,  GOSCH,  F.S.:   The  New  National  Coopera- 
tive Hypertension  Detection  and  Follow-Up  Program.   Chicago  Medicine, 
Vol.  76,  No.  3,  81-82,  February  10,  1973. 

Medical  News  Editor.  Hypertension  Study  Enters  Second  Phase.   J. A.M. A. 
224:461-462,  April  23,  1973. 

Other  Publications: 

DURBECK,  D.C.,  HEINZELMANN,  F. ,  SCHACHTER,  J.,  HASKELL,  W. ,  PAYNE, 
G.H.,  MOXLEY,  R.T. ,  NEMIROFF ,  M. ,  LIMONCELLI,  D.D.  ,  ARNOLDI,  L.B., 
and  FOX,  S.M.  Ill:  The  National  Aeronautics  and  Space  Administration-U.S. 
Public  Health  Service  Evaluation  and  Enhancement  Program:  Summary  of 
Results.  Am.  J.  Cardiology,  30:784-790,  1972. 
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Project  Title: 


Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of 
Coronary  Heart  Disease 


Previous  Serial  Number:   None 


Principal  Investigator: 


Other  Investigators: 


Dr.  Charles  T.  Kaelber,  Epidemiologist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention,  serves  as 
Executive  Secretary  for  review  panels,  NHLI 
Coordinator  for  the  Program  and  as  Project  Officer  for 
the  related  contracts.   He  is  a  representative  of  NHLI 
on  the  Steering  Committee  and  serves  as  ex  officio 
representative  on  other  committees. 

Dr.  Max  Halperin,  Chief,  Biometrics  Research  Branch, 
and  Mr.  Tavia  Gordon,  Supervisory  Statistician, 
Biometrics  Research  Branch,  are  serving  as  the  chief 
NHLI  Statistical  Consultants  for  this  project. 
Dr.  Halperin  is  a  voting  member  of  the  Steering 
Committee  and  Mr.  Gordon  is  a  voting  member  of  the 
Design  and  Analysis  Committee. 

Miss  Jeanne  Tillotson,  Consultant  Dietitian,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention,  and 
Miss  Marilyn  Farrand,  Nutritionist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention  serve  as 
staff  consultants  for  the  project.   Miss  Tillotson 
serves  as  recording  secretary  for  the  Nutrition 
Committee  and  Miss  Farrand  serves  as  recording 
secretary  for  the  Materials  Review  Committee. 

Dr.  Lawrence  Friedman  is  assistant  to  the  Project 
Officer  and  serves  as  a  medical  liaison  officer 
for  the  project. 
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Cooperating  Units: 


Dr.  Thomas  Blaszkowski,  Pharmacologist  Consultant, 
Office  of  the  Associate  Director  for  Clinical 
Applications  and  Prevention  serves  as  pharmacology 
consultant  for  the  project. 

Consultation  is  provided  by  Dr.  Gerald  Cooper,  Chief, 
Clinical  Chemistry  and  Hematology  Branch,  NCDC, 
Atlanta,  Georgia 

Consultation  is  also  provided  by  Dr.  Daniel  Horn,  Director, 
National  Clearinghouse  for  Smoking  and  Health,  Bethesda, 
Maryland 


Man  Years: 

Total:  4.0 
Professional:  3.0 
Other:         1.0 

Project  Description: 

Introduction:   As  a  result  of  actions  taken  during  FY  72  (release  of 
RFP-NHLI-7  2-16,  "Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention 
of  Coronary  Heart  Disease,"  and  RFP-NHLI-72- 17,  "Coordinating  Center  for  the 
Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of  Coronary  Heart 
Disease')  nine  contracts  were  awarded  late  in  FY  72  to  establish  eight  clinical 
centers  and  a  coordinating  center  for  the  Multiple  Risk  Factor  Intervention 
Trial.   The  Principal  Investigators  met  early  in  FY  73  to  organize  themselves 
and  their  staffs  into  a  Steering  Committee  and  several  working  subcommittees 
to  carry  out  detailed  planning  to  implement  the  Trial.   The  Principal  Inves- 
tigators and  their  staffs  have  met  frequently  during  the  year  to  develop  a 
common  protocol,  a  manual  of  operations  and  procedures  and  to  lay  the  ground- 
work for  implementing  the  Trial  in  each  community. 

RFP-NHLI- 73- 10, "Multiple  Risk  Factor  Intervention  Trial  Central  Laboratory" 
was  distributed  to  the  eight  funded  clinical  centers  in  October  1972.   Of  the 
four  centers  submitting  proposals  the  one  from  the  Pacific  Medical  Center  was 
awarded  the  contract  in  February  1973  to  establish  a  Central  Laboratory  for 
the  Trial. 
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RFP-NHLI-73-11,  "Additional  Clinical  Centers  for  the  NHLI  Multiple  Risk 
Factor  Intervention  Trial  for  the  Prevention  of  Coronary  Heart  Disease"  was 
released  in  October  197  2  after  an  announcement  in  the  Commerce  Business  Daily. 

Twenty- one  proposals  were  received  and  reviewed  by  the  Technical  Review 
Committee  on  March  1-2,  1973.   Seven  additional  centers  were  approved  and 
have  been  recommended  for  funding.   Negotiations  are  in  process  for  these 
centers  as  well  as  for  renewal  proposals  from  the  eight  clinical  centers  and 
the  Coordinating  Center  already  participating. 

A  Policy  Advisory  Board  was  appointed  by  the  Director  of  NHLI  in 
November  1972,  to  act  in  a  senior  advisory  capacity  on  policy  matters.   It 
first  met  December  15  to  review  a  protocol  draft  for  the  Trial. 

RFP-NHLI-73-23,  "Electrocardiogram  Center  for  the  Multiple  Risk  Factor 
Intervention  Trial  for  the  Prevention  of  Coronary  Heart  Disease"  was  released 
in  February  1973,  after  an  announcement  in  the  Commerce  Business  Daily. 
Proposals  received  in  response  to  this  RFP  are  being  reviewed  and  selection  is 
expected  to  be  made  prior  to  the  end  of  the  current  fiscal  year. 

Objectives;   The  objective  of  the  Multiple  Risk  Factor  Intervention  Trial 
is  to  determine  whether  or  not  a  preventive  program  directed  at  the  reduction 
of  serum  lipids,  reduction  of  blood  pressure,  and  reduction  or  elimination  of 
cigarette  smoking  among  men  aged  35-54  who  are  at  high  risk  of  coronary  heart 
disease  from  a  combination  of  these  risk  factors  can  result  in  a  significant 
reduction  in  the  incidence  of  myocardial  infarction  and  death  from  coronary 
heart  disease  over  a  six-year  primary  intervention  clinical  trial. 

Methods  Employed;   To  achieve  this  objective  a  screening  program  will  be 
conducted  to  identify  approximately  12,000  men  aged  35-54  who 

a.  are  in  the  upper  10%  of  the  distribution  of  risk  for 
death  from  coronary  heart  disease  based  on  risk  factors 
of  elevated  serum  cholesterol,  elevated  diastolic  blood 
pressure,  and  cigarette  smoking, 

b.  do  not  have  pre-existing  definite  clinical  coronary  heart 
disease,  or  other  specified  causes  for  exclusion,  and 

c.  are  willing  to  commit  themselves  to  a  six-year  intervention 
program 
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Of  the  men  so  selected,  50%  will  be  randomly  allocated  to  a  Special 
Intervention  program  and  507o  will  be  referred  back  to  their  physicians  or 
their  usual  source  of  medical  care.   This  intervention  program  is  designed  to 
achieve  and  maintain  a  lowering  of  serum  cholesterol,  a  reduction  in  blood 
pressure,  and  cessation  of  cigarette  smoking.   It  is  recognized  that  within 
this  group  of  men  the  intervention  program  will  have  varying  degrees  of  success 
in  achieving  the  desired  goals  for  risk  factor  change.   For  identification  of 
specific  goals  with  reasonable  chance  of  attainment  and  for  purposes  of 
indicating  an  alternative  hypothesis  for  sample  size  computation,  the  following 
general  specifications  of  risk  factor  change  expressed  as  average  change,  are 
made: 

a.  a  10%  reduction  from  baseline  in  serum  cholesterol 

b.  a  107o  reduction  from  baseline  in  diastolic  blood  pressure 

c.  a  20,  30,  or  40%  net  reduction  in  amount  of  cigarette 
smoking  for  heavy,  moderate  or  light  cigarette  smokers 
respectively 

The  primary  endpoint  of  the  Trial  is  death  ascribed  to  coronary  heart 
disease,  with  secondary  major  endpoints  being  coronary  heart  disease  incidence 
(nonfatal  myocardial  infarction  plus  coronary  heart  disease  mortality), 
deaths  from  cardiovascular  disease,  and  deaths  from  all  causes.   Endpoints  will 
be  documented  on  special  forms  forwarded  to  the  Coordinating  Center  at  specified 
times. 

These  forms  will  include  information  gathered  by  the  clinic  physicians 
from  all  available  sources:   family,  personal  physician,  and  hospital  records 
including  the  autopsy  and  ECC.   It  is  to  be  accompanied  by  a  copy  of  the  death 
certificate.   Efforts  to  obtain  as  high  an  autopsy  rate  as  possible  will  be 
made.   Cause  of  death  will  be  reviewed  by  a  Mortality  Classification  Committee 
which  will  classify  and  code  deaths  based  on  a  central  review  of  all  infor- 
mation on  the  Death  Form,  blinded  by  name,  clinic  and  randomization  group. 

Criteria  for  nonfatal  myocardial  infarction  include  ECG  findings  and 
changes  over  time  found  during  scheduled  annual  examinations  based  on  ECG 
assessment. 

Major  Findings:   N/A 
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,    Sigi^ificance  to  Biomedical  Research  and  the  Program  of  the  Institute- 
There  is  now  convincing  evidence  that  the  three  factors  --  elevated  serum 
cholesterol,  elevated  blood  pressure  and  cigarette  smoking  -  are  associated 
with  excessive  risk  of  developing  premature  coronary  heart  disease.   The  risk 
of  myocardial  infarction,  sudden  death,  and  death  from  coronary  heart  disease 
has  been  found  to  increase  directly  with  the  levels  of  serum  cholesterol  and 
blood  pressure,  and  by  amount  of  cigarette  smoking  in  both  men  and  women. 
According  to  present  estimates,  approximately  80%  of  death  and  disability  from 
cardiovascular  disease  occurs  among  persons  having  one  or  more  of  these  risk 
factors  working  against  them.   A  number  of  cardiovascular  epidemiological 
studies  carried  out  at  various  locations  in  the  United  States  (including 
Albany  New  York;  Chicago,  Illinois;  Evans  County,  Georgia;  Framingham, 
Massachusetts;  Los  Angeles,  California;  Minneapolis,  Minnesota;  Tecumseh, 
Michigan;  and  others)  have  demonstrated  the  importance  of  these  risk  factors 
singly  and  m  combination,  in  predicting  premature  coronary  heart  disease. 
For  example,  data  from  the  Framingham  Heart  Disease  Study  showed  that  men  with 
one  risk  factor  had  an  incidence  of  coronary  heart  disease  1.9  times  the  rate 
of  men  with  none  of  these  risk  factors.   With  two  risk  factors  present,  the 
incidence  was  3.4  times  higher  and  with  all  three  factors  the  incidence  was 
iU.b  times  that  found  among  men  with  none.   Although  suggestive  improvements 
m  morbidity  from  coronary  heart  disease  have  been  obtained  in  intervention 
trials,  the  key  health  issue  of  whether  or  not  intervention  on  hyperlipideraia, 
elevated  blood  pressure  and  cigarette  smoking  can  provide  primary  prevention 
tor  premature  coronary  heart  disease  remains  to  be  established. 

The  strength  of  the  relationship  of  risk  to  combinations  of  elevated  serum 
cholesterol,  elevated  blood  pressure,  and  cigarette  smoking  provides  a 
powerful  and  common  experimental  circumstance  for  achieving  a  substantial 
reduction  in  incidence  of  coronary  heart  disease  in  a  Special  Intervention  group 
compared  with  one  receiving  usual  care. 

_   _  The  NHLI  Task  Force  on  Arteriosclerosis  ussued  the  following  statements 
m  Its  report  released  in  June,  1971. 

(D)   Multifactor  Prevention  Trials.   In  addition  to  clinical 
trials  in  which  treatment  is  directed  toward  a  single  risk 
factor,  trials  can  be  undertaken  where  treatment  is  directed 
simultaneously  toward  a  number  of  risk  factors.   Such  combined 
intervention  more  closely  resembles  the  type  of  intervention 
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that  would  be  carried  out  by  a  physician  in  his  treatment 
of  a  patient. 

The  Task  Force  recommends  that  the  National  Heart 
and  Lung  Institute  undertake  multiple  risk  factor 
intervention  trials  in  individuals  at  high  risk 
because  of  combinations  of  elevated  serum  lipids, 
hypertension,  and  cigarette  smoking.   These  trials 
will  have  the  merit  of  demonstrating  whether  or  not 
intervention  can  prevent  the  complications  of  human 
arteriosclerosis  since  this  is  the  crucial  question 
as  yet  unanswered  by  direct  experiment.   These  trials 
would  not  delineate  the  effects  of  the  various  indi- 
vidual risk  factors. 

The  Task  Force  reviewed  this  question  and  convened  a  panel  of 
experts  to  consider  such  trials.   It  was  concluded  that  such 
trials  would  be  feasible.   These  trials  would  require  popu- 
lations of  manageable  size  and  would  be  likely  to  yield  a 
meaningful  answer.   Similar  studies  are  also  in  various  stages 
of  planning  or  in  operation  in  European  countries  under  the 
auspices  of  the  World  Health  Organization. 

As  a  result  of  the  recommendation  of  the  Task  Force,  the  Clinical  Appli- 
cations and  Prevention  Program  of  the  National  Heart  and  Lung  Institute 
invited  contract  proposals  for  the  development  and  conduct  of  a  multiple  risk 
factor  intervention  trial  to  determine  the  efficacy  of  intervention  on 
elevated  blood  lipids,  hypertension,  and  cigarette  smoking  in  the  prevention 
of  coronary  heart  disease. 

Projected  Course;   It  is  anticipated  that  the  Multiple  Risk  Factor  Inter- 
vention Trial  will  take  approximately  seven  years  --  one  year  for  screening 
and  six  years  of  follow-up.   After  the  testing  and  approval  of  the  protocol  and 
Manual  of  Operations  by  a  Technical  Review  Panel,  screening  and  intake  of 
participants  is  scheduled  to  begin  during  September  1973. 

The  Principal  Investigators  of  the  nine  renewal  contract  proposals  and 
seven  new  proposals  submitted  for  negotiations  in  FY  73  and  early  FY  74  are 
the  following: 
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Clinical  Renewal  Contract  Proposals 


Ernest  L.  Wynder,  M.D. 
American  Health  Foundation 
New  York,  New  York 


James  Dalen,  M.D. 
Harvard  University 
Boston,  Massachusetts 


Nemat  0.  Borhani,  M.D. 
University  of  California  at  Davis 
School  of  Medicine 
Davis,  California 


J.  Richard  Warbasse,  M.D. 
University  of  Maryland 
Baltimore,  Maryland 


Henry  W.  Blackburn,  M.D. 
Henry  L.  Taylor,  Ph.D. 
University  of  Minnesota 
Minneapolis,  Minnesota 


Jeremiah  Stamler,  M.D. 
Oglesby  Paul,  M.D. 
Northwestern  University 
Chicago,  Illinois 


Herbert  B.  Zimmerman,  M.D. 
St.  Louis  Heart  Association 
St.  Louis,  Missouri 


Stephen  B.  Hulley,  M.D. 
W.  McFate  Smith,  M.D. 
Pacific  Medical  Center 
San  Francisco,  California 


Coordinating  Center  Renewal  Proposal 


Marcus  0.  Kjelsberg,  Ph.D. 
University  of  Minnesota 
Minneapolis,  Minnesota 
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New  Clinical  Proposals 


Norman  L.  Lasser,  M.D. 

College  of  Medicine  and  Dentistry 

of  New  Jersey 
Newark,  New  Jersey 


J.  Wild,  M.D. 

Kaiser  Foundation  Hospital 

Portland,  Oregon 


T.  R.  Dawber,  M.D. 
Boston  University 
Boston,  Massachusetts 


H.  W.  Schnaper,  M.D. 
University  of  Alabama 
Birmingham,  Alabama 


P.  Kezdi,  M.D. 

Cox  Heart  Institute 

Dayton,  Ohio 


L.  H.  Kuller,  M.D. 
University  of  Pittsburgh 
Pittsburgh,  Pennsylvania 


W.  H.  Holmes,  Ph.D. 
Lankenau  Hospital 
Philadelphia,  Pennsylvania 
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Project  Title:   Development  and  Evaluation  of  Nutrition  Education  Programs 
for  Dietary  Management  of  Hyperlipidemia 

Previous  Serial  Number:   None 

Principal  Investigator:   Marilyn  Farrand,  Nutritionist,  Project  Officer 

Other  Investigators:   Dr.  Mary  McCann,  Columbia  University;  Dr.  Helen  Brown, 

Cleveland  Clinic;  Dr.  William  Insull,  Rockefeller 
Institute;  and  Dr.  Charles  Kaelber  and  Miss  Jeanne 
Tillotson,  NHLI,  are  members  of  the  Contract  Monitoring 
Committee. 


an  Years: 

Total: 

0.1 

Professional: 

0.1 

Other: 

0.0 

Project  Description: 

Objectives:   The  objective  of  these  nutrition  education  programs  is  to 
develop,  test,  and  evaluate  promising  techniques  for  nutrition  education  for 
practical  use  with  hyper lipidemic  patients.   The  immediate  application  of 
these  programs  is  to  the  Multiple  Risk  Factor  Intervention  Trial.   However, 
the  results  should  be  more  broadly  applicable  to  other  patient  education 
programs  involving  dietary  treatment  of  hyperlipidemia. 

The  two  projects  currently  being  supported  are:   Chicago  Heart  Association, 
Principal  Investigator  Dr.  Louis  Mojonnier;  and  the  University  of  Chicago, 
Principal  Investigators  Dr.  Richard  J.  Jones  and  Mrs.  Dorothea  Turner. 

The  Chicago  Heart  Association  project  is  developing  a  cooperative  program 
with  the  Chicago  Heart  Association,  the  Chicago  Board  of  Health,  and  St. 
Joseph  Hospital  to  teach  hyperlipidemic  participants  to  modify  their  intake 
of  the  five  food  groups  that  contribute  most  of  the  saturated  fat  and 
cholesterol  to  the  typical  American  diet,  using  trained  lay  personnel  for  the 
actual  teaching. 
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Objectives  are: 

1.  To  develop  and  test  four  educational  methods  --  individual,  group, 
self- teaching  and  multi-methods  --  in  populations  of  different 
socio-economic,  ethnic  and  racial  backgrounds,  and  in  three  types 
of  settings:   a  nutrition  counselling  facility,  a  community  health 
center  and  a  hospital. 

2.  To  teach  diet  modification  as  a  change  in  habits  of  eating  the  five 
food  groups,  rather  than  following  a  diet  prescription  tailored  to 
the  individual. 

3.  To  train  lay  personnel  to  become  nutrition  counselling  aides  capable 
of  teaching  hyper lipidemic  participants  how  to  modify  their  food 
intake,  and  of  motivating  them  to  maintain  the  new  eating  patterns 
until  they  have  become  habitual. 

4.  To  develop  audio-visual  teaching  materials  suitable  for  use  with 
large  numbers  of  people  with  various  socio-economic,  ethnic  and 
racial  patterns;  these  materials  will  include  programmed 

self- teaching  and  TV  sequences  for  use  with  closed-circuit  TV  in 
a  hospital. 

5.  To  evaluate  the  program  using  as  measures  of  effectiveness 

self- administered  questionnaires,  pre-test  and  post-tests,  comparative 
costs,  changes  in  weight  and  serum  lipid  levels. 

The  University  of  Chicago  contract  is  being  conducted  at  the  hospital 
outpatient  nutrition  clinic.   Specific  objectives  are  as  follows: 

1.  To  develop  brief,  self- administered  questionnaires  and  educational 
techniques  to  provide  educational  diagnosis  of  the  patient. 

2.  To  develop  a  brief  self- administered  questionnaire  to  define  the 
patient' s  emotional  status  and  motivation  toward  health  improvement. 

3.  To  assess  available  audio-visual  and  printed  materials  used  in  diet 
counselling  for  their  suitability  in  teaching  particular  types  of 
learners. 
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4.  To  develop  new  programs  of  instructions  and/ or  graphic  materials  for 
use  in  counselling  for  those  patients  whose  mode  of  learning  is  not 
matched  by  present  material. 

5.  To  compare  the  ease,  time  required  and  success  of  patient  education 
when  the  appropriate  program  is  provided  as  compared  with  the 
control  situation. 

6.  To  correlate  selected  patient  parameters  with  success  of  diet 
therapy. 

Methods  Employed;   The  Chicago  Heart  Association  project  is  being  carried 
out  at  three  centers  representing  different  settings  for  delivery  of  health 
care  and  serving  different  populations.   The  Heart  Association  serves 
industrial  and  office  workers;  the  hospital,  patients  from  a  variety  of  ethnic 
and  socio-economic  backgrounds;  and  the  health  center,  the  inner-city  black 
community.   Persons  invited  into  the  study  will  be  men  and  women,  25-59  years 
of  age,  with  serum  cholesterol  values  greater  than  225  mg/dl.   At  each  center, 
150  patients  are  being  enrolled.   They  will  be  randomly  assigned  to  one  of 
five  groups:   control,  individual,  group,  self- teaching  or  multi-method. 
Approximate  educational  materials  and  procedures  are  being  developed  for 
them  as  well  as  for  the  nutrition  aides. 

The  effectiveness  of  various  educational  methods  within  one  health  care 
setting  and  among  the  several  settings  with  different  populations  are  being 
tested.   The  teaching  methods  will  be  compared  in  terms  of  learning  achieved, 
effect  on  weight  and  serum  lipids  and  also  by  changes  in  food  patterns.   Diet 
adherence  is  being  evaluated  by  food  records  and  24-hour  recall;  adherence 
measured  by  these  means  will  be  compared  to  a  simplified  scoring  method  based 
upon  the  five  major  food  groups.   Family  food  purchases  will  also  be  evaluated. 
The  relationship  between  diet  adherence  and  life  situations  will  be  assessed. 
Information  collected  on  participants'  perceptions  of  the  amount  of  support 
from  his  spouse,  other  family  members  and  physician  will  be  used  to  supplement 
adherence  evaluation.   The  relative  costs  of  the  teaching  methods  will  be 
ascertained. 

Participants  counselled  in  the  hospital  outpatient  nutrition  clinic  receive 
initial  diet  education  while  hospitalized.   Hospital  menus  and  television 
programs  are  being  used  for  initial  learning  experiences. 
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The  second  project  at  the  University  of  Chicago  outpatient  nutrition 
clinic  will  involve  about  400  hyperlipidemic  patients.   They  will  represent 
various  educational,  economic  and  cultural  backgrounds.   Their  preferred 
learning  method  will  be  ascertained  by  a  questionnaire  designed  particularly 
to  provide  an  educational  diagnosis.   Thereafter,  they  will  be  assigned  to 
various  study  groups  according  to  their  educational  diagnosis  or  to  another 
form  of  diet  counselling. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Dietary  modification  to  reduce  serum  lipids  is  considered  a  vital  component 
of  treatment  of  hyperlipidemia,  and  nutrition  education  programs  is  essential 
for  successful  application  of  scientific  advances  being  made.   The  need  to 
provide  these  programs  will  grow  as  more  patients  with  hyperlipidemia  are 
identified.   However,  the  effectiveness  of  present  efforts  to  produce  maximum, 
long-term  adherence  to  diet  modification  needs  improvement.   Interdisciplinary 
efforts  among  physicians,  nutritionists,  behavioral  scientists  and  educational 
specialists  is  essential.   There  is  a  need  to  develop  appropriate  methods  and 
materials  for  patients  with  varying  educational  and  cultural  backgrounds  for 
use  in  various  settings,  such  as  voluntary  agencies,  hospital  and  health 
department  nutrition  clinics,  and  private  physicians'  offices.   Concurrently 
a  shortage  of  professional  health  personnel  exists.   Extension  of  nutrition 
services  by  improving  educational  methods  and  materials  for  nutrition  is 
needed.   Also,  inclusion  of  other  trained  personnel  in  the  educational  programs 
will  add  to  the  manpower  for  these  programs. 

Both  of  these  nutrition  education  projects  are  making  significant  contri- 
butions to  improved  nutrition  education  for  the  Multiple  Risk  Factor  Inter- 
vention Trial;  many  other  nutrition  programs  sponsored  by  NHLI  and  others 
will  also  benefit. 

The  University  of  Chicago  educational  diagnosis  questionnaires  will  be 
administered  to  CHA  participants;  educational  materials  and  methods  in  both 
projects  have  potential  use  in  the  MRFIT.   The  CHA,  in  particular,  prepared 
an  educational  audio-visual  presentation  which  is  being  adapted  to  MRFIT.   It 
is  also  experimenting  with  a  short  method  to  score  food  records  for  diet 
adherence,  without  the  need  of  computerized  nutrient  analysis,  as  well  as 
developing  a  system  to  obtain  food  records  by  mail.   The  food  group  system 
used  there  and  subsequent  printed  educational  materials  have  been  submitted 
to  MRFIT.   Educational  programs  for  CHA  nutrition  aides  can  be  adapted  for 
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MRFIT  health  counsellors.   Many  forms  and  procedures  used  for  data  collection, 
for  education  and  reinforcement  programs  are  being  adapted  for  MRFIT.   Since 
woth  locations  are  proposed  MRFIT  centers,  the  Trial  will  benefit  from  the 
established  programs  there. 

The  Chicago  Heart  Association  program  will  provide  experiences  that  might 
readily  and  fruitfully  be  followed  throughout  the  country.   The  plan  to  teach 
a  simple  food  pattern  is  a  realistic,  easy  approach  to  changing  food  habits. 
It  is  essential  to  have  practical  models  for  teaching  large  numbers  of 
patients.   Cost  of  delivering  this  type  of  program  is  low  enough  to  have  wide 
applicability. 

The  adaptibility  of  the  educational  program  to  various  settings  and 
populations  will  be  demonstrated.   The  community  health  center  program  will 
provide  research  into  educational  methods  and  adaptation  of  fat  modified 
diets  for  low  income  groups.   Diet  counselling  in  the  voluntary  agency 
represents  a  resource  for  private  physicians. 

Other  significant  contributions  are  that  the  teaching  methods  and 
materials  will  be  valuable  for  many  programs,  and  the  costs  of  the  most 
effective  method  will  be  determined  to  assist  in  future  planning.   Experi- 
mentation with  simple  ways  to  collect  diet  data  and  rate  adherence  will 
provide  practical  approaches  for  long-term  follow-up  for  reinforcement, 
clarification  and  encouragement.   Development  of  programs  to  train  lay 
personnel  necessary  for  the  Multiple  Risk  Factor  Intervention  Trial,  as  well 
as  for  extending  nutrition  knowledge  to  the  public  at  large. 

The  University  of  Chicago  Project  will  be  the  first  attempt  to  apply 
newer  ideas  from  educational  philosophy  to  a  medical  setting.   It  is  hoped 
that  with  simple  objective  tests  it  will  be  possible  to  recognize  the  major 
types  of  learners  and  also  that  appropriate  learning  experiences  can  be 
matched.   Also,  it  may  be  possible  to  predict  the  motivational  level  of  a 
patient  by  gaining  some  insight  into  his  emotional  state.   More  efficient 
and  effective  programs  will  result,  for  learners  will  not  only  be  categorized 
but  appropriate  educational  programs  will  be  developed.   Such  a  technique 
might  be  applied  to  other  health  areas.   Certain  aspects  of  the  educational 
program  might  be  assigned  to  less  skilled  personnel,  thereby  adding  to  the 
resources  for  patient  education  and  care. 
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Proposed  Course:   The  projects  will  be  completed  by  June  30,  1974. 


HV  PC  24 


Serial  No. 

1.   Associate  Director  for  Clinical 

Applications  and  Prevention,  NHLI 
2. 
3.   Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 


Project  Title:   Nutrition  Research  and  Consultation 

Previous  Serial  Number:   None 

Principal  Investigator:   Marilyn  Farrand,  Nutritionist 

Other  Investigators:   None 

Cooperating  Units:   U.S.  Public  Health  Service  Hospital,  Baltimore,  Maryland 

Man  Years: 

Total:  0.9 
Professional:  0.9 
Other:         0.0 

Project  Description: 

During  the  past  year,  the  nutritionist' s  work  has  included  consultation 
with  other  Clinical  Applications  and  Prevention  staff  members  to  develop  and 
implement  plans  for  program  activities  related  to  nutrition.   In  particular 
the  major  activity  is  in  relation  to  MRFIT.   In  addition,  guidance  has  been 
provided  to  other  nutrition  related  projects  within  NHLI  and  outside  research 
programs  and  health  agencies  that  either  have  nutrition  research  and  services 
related  to  cardiovascular  disease  nutrition  or  plans  to  develop  these 
activities. 

The  nutritionist's  participation  during  the  past  year  has  been  in  the 
following  major  areas: 

1.  Participated  in  the  Multiple  Risk  Factor  Intervention  Trial  as  a 
member  of  the  Nutrition  Committee  and  its  coordinating  cabinet; 
served  as  chairman  of  the  task  force  to  review  nutrition  education 
materials,  co-chairman  of  the  committee  to  develop  new  nutrition 
education  materials,  liaison  fo  the  MRFIT  Steering  Committee, 
Smoking  Committee  and  Materials  Review  Committee. 

2.  Provided  consultation  concerning  the  nutrition  component  of 
research  in  the  Lipid  Intervention  Project  at  Social  Security 
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Administration,  Baltimore,  Maryland.   Improvements  in  the  nutrition 
materials  and  procedures  were  made  in  collaboration  with  the  project 
nutritionist.   The  nutrition  education  component  of  this  project 
has  been  completed. 

3.  Provided  nutrition  consultation  for  the  Controlled  Clinical  Trials 
of  Therapy  for  Hypertension  in  the  General  Population  and  parti- 
cipated in  its  training  program  for  health  counsellors  1/7/73. 

4.  Assisted  in  the  preparation  of  the  nutrition  component  of  Request 
for  Proposals  NHLI  73-11,  Additional  Clinical  Centers  for  the 
Multiple  Risk.  Factor  Intervention  Trial  for  the  Prevention  of 
Coronary  Heart  Disease. 

5.  Provided  professional  staff  with  nutrition  information  for  use  in 
program  development  and  coordination  with  nutrition  activities  in 
NHLI  and  other  government  agencies  including  VA  Dietetic  Service. 

6.  Serves  as  Project  Officer  for  two  contracts  described  in  Individual 
Project  Report  for  "Development  and  Evaluation  of  Nutrition  Education 
Programs  for  Dietary  Management  of  Hyperlipoproteinemia." 

7.  Participated  in  nutrition  programs  sponsored  by  voluntary  and 
official  health  agencies  for  patient  and  prfesssional  education 
related  to  nutrition  in  cardiovascular  disease  (D. C.  Dietetic 
Association  as  Diet  Therapy  Section  Chairman  and  Co- Chairman  for 
the  Association' s  Continuing  Education  Course  "Review  of  Body 
Systems  and  Related  Diseases,"  HSMHA  program  for  orientation  of 
public  health  nutrition  graduate  students,  Veterans  Administration 
Conference  for  Clinical  Dietitians.) 

8.  As  a  member  of  the  American  Heart  Association's  Nutrition  Committee's 
Subcommittee  of  Dietitians  and  Nutritionists,  assisted  in  the 
development  of  educational  materials  and  programs  for  patients  and 
professional  personnel.   In  particular,  serves  as  a  member  of  the 
Committee  for  the  Annotated  Bibliography  (Nutrition/Cardiovascular 
Disease-Reviews) ,  and  a  member  of  the  committee  to  develop  the 

AHA' s  Cookbook.   Serves  as  co-editor  of  the  Association's  publi- 
cation NUTRAH  -  Nutrition  Programming  in  the  Community. 
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9,   Provided  diet  consultation  for  four  hours  weekly  for  patients 
at  the  PHS  Outpatient  Clinic  in  Washington,  D.C. 

Publications: 

Farrand,  M:   Book  Review  of  "The  Low  Cholesterol  Cookbook"  by 
Cavaiani,  M. ,  in  J.  Am.  Dietet.  A.   61:472,1972. 

Farrand,  M.  and  Brown,  H:   What  a  Dietitian  Should  Know  about 
Hyperlipidemia.   Slide  -  tape  presentation  and  booklet  to  be  published 
by  the  American  Dietetic  Association. 
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Project  Title:   Activities  in  Conjunction  with  New  Multiple  Risk  Factor 
Intervention  Trial. 

Previous  Serial  Number:   None 

Principal  Investigator:   Jeanne  Tillotson,  Consultant  Dietitian 

Other  Investigator:   Miss  Marilyn  Farrand  is  working  in  the  nutrition  education 

phase. 

Cooperating  Units:   The  Trial,  a  multi-center  endeavor,  involves  Clinical 

Centers  at  leading  universities  and  health  centers  across 
the  country. 


Years: 

Total: 

1.5 

Professional: 

1.0 

Other: 

0.5 

Project  Description: 

Objectives;   To  assist  in  the  organization  and  operation  of  the  Multiple 
Risk  Factor  Intervention  Trial's  nutrition- related  activities,  particularly 
in  relation  to  coordination  of  the  overall  project  and  to  development  of  nutri- 
tional data  collection  methods. 

Methods  Employed:   MRFIT  began  a  year  of  planning  in  July  197  2,  with  a 
target  date  for  beginning  operations  in  the  fall  of  1973.   During  the  year 
guidance  in  overall  nutrition  committee  policy  making  has  been  provided  by 
serving  as  one  of  six  members  of  the  MRFIT  Nutrition  Committee's  steering 
group,  and  additionally  by  serving  as  secretary  to  the  committee.   A  major 
part  of  the  year' s  work  has  been  devoted  to  leading  the  MRFIT  Nutritional 
Data  Subcommittee  in  making  decisions  about  data-collection  objectives  and 
methods,  and  a  standard  inter- center  Manual  of  Operations  is  now  in  draft 
form.   The  data-collection  methods  worked  out  in  the  NHLI-CAP  epidemiological 
studies  have  been  invaluable  in  this  respect.   Data-collection  forms  are  being 
developed  and  pretested,  and  food  composition  tables  based  on  previous  work 
are  being  prepared. 
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In  the  past  much  has  been  written  about  the  inadequacy  of  existing  food 
composition  tables;  at  present  we  are  working  with  NHLI' s  MRFIT,  LRC,  and 
SCOR  groups  to  obtain  liaison  with  interested  groups  within  the  U.S. 
Department  of  Agriculture  and  the  Food  and  Drug  Administration.   Together  it 
is  hoped  that  presently  existing  food  composition  tables  can  be  updated  to 
reflect  current  changes  in  products  available  on  the  American  market  and  to 
use  more  modern  analytical  methods  where  appropriate.   This  will  be  not 
only  of  benefit  to  the  MRFIT,  SCOR  and  LRC  programs,  but  to  nutritionists  all 
over  the  United  States.   Considerable  progress  has  been  made  during  this 
fiscal  year  by  this  small  interagency  group. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  MRFIT  program  represents  a  large-scale  six  year  study  in  which  free- living 
male  volunteers  will  be  encouraged  to  alter  their  life- styles  toward  more 
healthful  dietary  (and  smoking)  patterns.   The  significance  of  the  project 
relates  not  only  to  projected  diminution  of  CHD  incidence  rates,  but  also  to 
the  demonstration  that  it  is  indeed  possible  to  change  lifetime  behavior 
patterns.   While  the  study  design  will  not  permit  detailed  single-risk  factor 
analysis,  one  of  the  objectives  for  the  collection  of  nutritional  data  will 
be  to  furnish  data  documenting  dietary  changes  and  reasons  for  them.   This 
should  be  of  value  in  setting  up  future  dietary  counselling  programs. 

Proposed  Course;   The  MRFIT  Nutritional  Data  Subcommittee  will  have 
finished  its  principal  assignment  by  the  end  of  the  fiscal  year  with  the 
production  of  data  collection  instruments  and  completion  of  the  Manual  of 
Procedures.   During  the  next  year,  in  which  clinics  actually  get  under  way, 
procedures  will  be  initiated  and  monitored  in  each  locality  and  the  proposed 
data  quality- control  procedures  will  be  instituted.   Work  will  continue  on 
development  of  the  details  of  the  food  composition  tables  and  coding  rules. 
While  annual  assessment  procedures  have  been  established  for  data  collection 
methods  for  years  one  through  six,  these  will  be  pretested  and  expanded 
after  the  project  has  had  some  actual  working  experience.   The  MRFIT  inves- 
tigators anticipate  the  production  of  a  Monograph  based  on  the  first  few 
years  of  experience,  and  the  nutritional  data  collection  procedures  will  be 
documented  for  this  publication.   As  the  study  progresses,  interim  data 
collected  will  be  examined  for  quality,  inter-center  comparability,  and  for 
adequacy;  future  actions  will  be  guided  by  early  results. 
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Project  Title:   Controlled  Clinical  Trials  of  Therapy  for  Hypertension  in 
the  General  Population  -  NHLI  Hypertension  Detection  and  Follow-Up 
Program 

Previous  Serial  Number:   NHLI-TEB-HP2 

Principal  Investigator:   Dr.  Gerald  H.  Payne,  Epidemiologist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director  for  Clinical 
Applications  and  Prevention,  served  as  Executive  Secretary  for  the 
review  panels,  NHLI  coordinator  for  the  Program  and  is  serving  as 
Scientific  Project  Officer  for  the  related  contracts.   He  is  a  repre- 
sentative of  NHLI  on  the  Steering  Committee. 

Other  Investigators:   Dr.  Max  Halperin,  Chief,  Biometrics  Research  Branch, 
is  serving  as  the  chief  NHLI  Statistical  Consultant  for  this  project 
and  is  a  voting  member  of  the  Steering  Committee  of  this  collaborative 
trial. 

Dr.  Thomas  E.  Hoffman  is  assistant  to  the  Scientific  Project  Officer. 
He  serves  as  liaison  officer  and  recording  secretary  for  the  Steering 
Committee. 

Dr.  Thomas  P.  Blaszkowski,  Pharmacologist,  serves  as  liaison  for 
toxicology  and  endpoints. 

Cooperating  Units:   Consultation  provided  by  Dr.  Gerald  Cooper,  Chief, 

Clinical  Chemistry  and  Hematology  Branch,  Center  for  Disease  Control, 
Atlanta. 

Man  Years : 

Total:  3.5 

Professional:  2.5 

Other:  1.0 

Project  Description: 

Introduction:   The  Principal  Investigators  and  Co-Investigators  of  the 
14  clinical  centers,  the  Coordinating  Center,  the  ECG  Center  and  the  Central 
Laboratory  have  met  together  on  a  monthly  basis  as  a  Steering  Committee  and 
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in  numerous  subcommittees  on  several  other  occasions  to  update  the  Program 
protocol  and  develop  the  Manual  of  Operations  for  the  Phase  II  cooperative 
Hypertension  Detection  and  Follow-Up  Program.   Each  of  the  investigators  has 
carried  out  pilot  studies  and  pretests  xd.thin  his  own  community  and  has 
embarked  on  the  Phase  II  enrollment  as  of  February,  1973. 

The  Policy  Advisory  Board,  the  chief  advisory  committee  to  NHLI  on  this 
Program,  has  met  four  times  this  fiscal  year  to  review  the  progress  made  by 
the  Program  as  a  whole  and  by  individual  centers  in  both  the  pilot  studies 
and  collaborative  phase,  review  proposed  changes  in  the  Program  protocol, 
review  the  Manual  of  Operations,  and  review  individual  ancillary  study  pro- 
posals.  They  have  also  made  protocol  policy  recommendations  to  the  Steering 
Committee  and  have  recently  recommended  members  for  the  Toxicity  &  Endpoints 
Evaluation  Committee  to  the  Director  of  NHLI. 

On  April  23-24,  they  reviewed  requests  for  contract  renewal  for  11  of 
the  centers  and  approved  all  11  for  continued  funding. 

Objectives:   The  goal  of  the  Hypertension  Detection  and  Follow-Up 
Program  is  to  determine  the  effectiveness  of  a  systematic  approach  of  anti- 
hypertensive therapy  in  those  with  elevated  blood  pressure  in  community 
based  populations. 

General  Background,  Rationale  and  Purpose:  Treatment  of  elevated  blood 
pressure  constitutes  one  of  the  most  important  challenges  to  chronic  disease 
control  in  the  United  States  at  the  present  time.   This  is  true  in  regard  to 
all  segments  of  the  adult  population  —  young,  middle-aged  and  aging,  male 
and  female,  affluent  and  impoverished,  white  and  black. 

Altogether,  persons  with  elevated  blood  pressure  number  well  over 
20,000,000  in  the  United  States.  Recent  studies  have  confirmed  that:   ele- 
vated blood  pressure  is  associated  with  significant  risk  of  morbidity,  mor- 
tality, disability  and  premature  death  from  major  complications,  a  substantial 
proportion  of  individuals  with  elevated  blood  pressure  in  the  American  popu- 
lation are  unaware  that  they  harbor  this  condition;  and  a  sizeable  proportion 
of  known  hypertensives  are  not  being  treated  on  a  continuing  basis.   Two 
recent  reports  by  the  Veterans  Administration  Cooperative  Study  Group  on 
Antihypertensive  Agents  demonstrates  the  efficacy  of  long-term  therapy  for 
elevated  blood  pressure  in  reducing  rates  of  morbidity  and  mortality  in  males. 
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This  valuable  study  included  male  patients  who  had  volunteered  to  come  to 
the  Medical  Care  System,  a  high  proportion  of  whom  had  considerable  target 
organ  damage  at  the  initiation  of  the  study.  These  patients  also  had  a  sus- 
tained elevated  blood  pressure  greater  than  90  diastolic  during  a  period  of 
hospitalization  prior  to  inclusion  in  the  study.   Every  attempt  was  made  to 
exclude  patients  who  would  probably  not  continue  on  therapy  before  starting 
the  trial.   Younger  hypertensives  were  under-represented  in  this  study,  and 
women  were  not  included.   These  selective  features  make  it  very  difficult  to 
immediately  and  literally  transpose  the  results  of  the  Veterans  Administra- 
tion Study  into  a  campaign  to  treat  all  hypertensives. 

These  considerations  bring  into  clear  focus  the  challenges  facing  medical 
care  today  in  regard  to  the  problem  of  hypertension: 

1)  Ability  to  identify  persons  with  hypertension  in  represen- 
tative American  communities  across  the  country  and  bring 
them  under  effective  long-term  treatment. 

2)  Ability  to  demonstrate  benefit  of  such  long-term  anti- 
hypertensive therapy,  i.e.,  reduction  of  cardiovascular 
morbidity,  disability  and  mortality,  with  improvement  of 
life  expectancy  and  quality  of  life,  for  the  broad 
spectrum  of  hypertensives  in  the  general  population. 

The  Hypertension  Detection  and  Follow-Up  Program  addresses  itself 
directly  to  these  two  challenges. 

Since  the  aim  of  this  Program  is  to  determine  the  effectiveness  of  a 
systematic  approach  of  antihypertensive  medication  in  the  full  spectrum  of 
individuals  with  elevated  blood  pressure,  there  is  no  criteria  for  exclusion. 
Eligibility  is  determined  solely  on  the  basis  of  blood  pressures  in  the  home 
and  clinic.   The  eligible  population  includes  many  persons  with  no  demon- 
strable target  organ  damage.  Women,  younger  adults,  and  persons  who  would 
have  been  eliminated  from  classical  clinical  trials  because  of  risk  of  non- 
participation  are  included  in  the  Program  in  the  same  proportion  in  which 
they  are  detected  in  the  community  and  agree  to  participate. 

In  addition,  it  is  anticipated  that  this  Program  will  enhance  our  know- 
ledge regarding  specific  requirements  and  means  for  achieving  therapy  of 
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hypertension  in  various  strata  of  the  United  States  population  in  a  fashion 
widely  applicable  to  whole  communities.   This  knowledge  will  result  from 
assessment  of  performance  of  health  manpower  in  various  categories;  methods 
of  organization  and  administration  of  hypertension  control  facilities,  edu- 
cation of  professional  staff,  health  education  and  contact  with  participants 
(at  the  medical  care  facility,  at  work,  in  their  homes);  and  costs  of  certain 
components  of  the  effort.   Rates  of  participation  in  clinic  appointments  and 
adherence  to  prescribed  therapy  will  be  monitored  and  evaluated. 

Finally,  this  Program  will  enhance  our  knowledge  concerning  the  preva- 
lence, clinical  course  and  prognosis  of  elevated  blood  pressure  and  hyper- 
tensive disease  of  varying  degrees  of  severity  in  white  and  black  men  and 
women  in  the  age  range  30-69. 

Methodology;   Individuals  age  30-69  in  14  defined  communities  are  being 
identified  by  a  census  or  household  envuneration  supervised  by  the  Coordinating 
Center.   Each  community  clinical  center  has  initiated  primary  screening  in 
the  homes  (or  at  work  as  in  one  center)  of  adults  aged  30-69  identified  in 
the  census.   Individuals  with  elevated  diastolic  blood  pressure  (>_95  mm  Hg) 
are  invited  to  the  clinic  in  a  few  days  for  recheck  of  their  blood  pressure. 
It  is  estimated  that  from  7,000-17,000  adults  will  be  screened  at  each  center 
in  order  to  enroll  approximately  10,500  hypertensives.   If  the  diastolic 
pressures  taken  at  the  clinic  are  also  elevated  >_90  mm  Hg,  a  detailed  medical 
history  and  screening  cardiovascular  physical  examination  is  given,  including 
baseline  laboratory  tests,  an  electrocardiogram  and  a  chest  x-ray. 

Of  the  persons  identified  and  confirmed  at  follow-up  screening  clinics 
to  have  elevated  diastolic  blood  pressure,  a  representative  half  are  being 
referred  for  treatment  to  usual  sources  of  medical  care  in  the  community. 
For  those  whose  hypertension  is  severe,  immediate  steps  are  being  taken  to 
assist  them  in  obtaining  medical  attention.   The  other  half  is  being  invited 
to  participate  in  the  "Stepped  Care"  Group  which  receives  systematic  anti- 
hypertensive management  by  the  Program  staff.   Communication  with  personal 
physicians  is  being  sought  and  maintained  to  enlist  their  support.   "Stepped 
Care"  refers  to  the  plan  of  therapy  in  which  mild  antihypertensive  agents  are 
initially  prescribed  and  more  potent  agents  added,  if  necessary,  in  a  step- 
wise manner  until  the  goal  blood  pressure  (below  90  mm  Hg  diastolic  or  10  mm 
below  baseline,  whichever  is  lower)  or  as  close  to  goal  pressure  as  tolerated 
is  reached.   Only  standard  licensed  drugs  will  be  used  in  the  Stepped  Care 
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Program.  Many  efforts  are  being  made  to  encourage  these  patients  to  return 
to  follow-up  clinics.  Also,  an  educational  approach  is  being  employed  to 
help  these  patients  maintain  adherence  to  therapy  and  be  aware  of  other  risk 
factor,  problems  such  as  cigarette  smoking,  obesity  and  hypercholesterolemia. 
Close  observation  is  being  maintained  to  control  side  effects  and  toxicity 
as  well  as  to  assess  effects  on  living  patterns  of  participants. 

Mortality  surveillance  for  the  entire  population  identified  in  the 
IZIZ  ""^i     be  carried  out  each  year  under  the  supervision  of  the  Coordinating 
rhTnr'      P^'^^^d^'^  objective  evaluations  will  be  conducted  to  determine  whether 
ll°,ZT^^,°f.T^°''   complications  of  hypertension  such  as  death,  stroke, 
ment  prog?^.'    ''"'^  ''''""  '^"^  '^^"  "'^""^  ^y  the  systematic  Lnage- 

can  hl°Jflr7A"'^  ^l-^   statistically  significant  reduction  in  total  mortality 
can  be  effected  a  five-year  period  of  observation  is  anticipated;  hence 
relatively  stable  populations  are  required.   Fourteen  clinical  centers ^a 

bfthf NmT°^^'°''^'  ^"^   ^C\<r^^^^^  ^"^^   ^  Coordinating  Center  are  being  funded 
by  the  NHLI  to  carry  out  this  Program. 

,^       Results  -  Summary  of  Phase  I  Findings:   During  Phase  I  of  the  Program 
Coo^■.'"'^   '%'°"  °'  '^'  "'""  initially-contracted  clinical  centers  and  th^ 
Coordinating  Center  have  carried  out  pilot  programs  to  determine  effective 

wKh  M.rhr"/°''"  ^^"""^  ^°^  elevated  blood  pressure  and  to  encourage  those 
with  high  blood  pressure  to  enter  a  treatment  program.   A  total  of  10  984 
persons  aged  30-69  were  screened  by  the  clinical  centers  during  Phase  I. 
Fifty-seven  percent  of  those  screened  were  females  and  43%  males.   Fifty  per- 
diaJt:!-:  blo'od'   '"'  °''':i'  prevalence  at  primary  screening  of  fifth  phase 
consldii^M     P^^^^"^^  >90  mm  Hg  was  approximately  30%.   Prevalence  varied 
considerably  among  the  centers  with  a  low  of  14.6%  in  an  almost  exclusively 
white  working-class  population  to  a  high  of  60%  in  an  almost  exclusively 
black  population.  When  the  population  is  classified  into  sex-race  strata 
black  males  had  the  highest  prevalence,  60%,  followed  by  black  females,   ' 
21%  p^ev^lenci^   ""^^^^  ^^'^  ^   prevalence  of  27%.  and  non-black  females  had  a 

■     Phase  I  experience  has  shown  that  household  enumeration  and  census  can 
ibe  completed  in  approximately  90%  of  occupied  households. 
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Primary  screening  of  age-eligible  persons  identified  by  enumeration  was 
completed  on  the  average  in  82%  of  cases.  An  average  of  79%  of  prospective 
hypertensives  identified  at  primary  screening  came  in  for  secondary  screening. 
, An  average  of  88%  of  persons  eligible  for  the  treatment  program  accepted.  A 
variety  of  methods  have  been  utilized  to  motivate  patients  to  adhere  to  the 
prescribed  medications  and  to  continue  to  return  for  follow-up  over  an 
extended  period  of  time. 

Several  of  the  individual  centers  involved  in  Phase  I  have  compiled 
information  on  demographic  data  in  the  Phase  I  sampling,  co-morbidity  in  the 
Phase  I  population,  and  factors  correlating  with  adherence  in  the  Phase  I 
population,  and  are  contemplating  publication  of  these  facets.  The  Coordi- 
nating Center  has  presented  a  report  on  evaluation  of  automated  blood  pres- 
sure recording  instruments  to  the  Council  on  Epidemiology  of  the  American 
Heart  Association  in  New  Orleans  on  March  13,  1973,  and  plans  publication  of 
these  results.   The  Georgetown  University  center  has  published  an  article  on 
some  of  its  Phase  I  work  (Finnerty,  et  al,  "Hypertension  in  the  Inner  City. 
II.  Detection  and  Follow-Up."  Circulation,  Vol.  XLVII,  76-78,  January  1973). 

Five  additional  clinical  centers  were  added  to  the  Program  by  July, 
1972,  in  order  to  meet  the  sample  size  calculations  of  10,500  hypertensives 
randomized  into  the  Program.   These  centers  have  hired  personnel,  acquired 
the  necessary  equipment,  and  participated  with  the  nine  original  clinical 
centers  in  a  pretest  of  Phase  II  forms  in  the  fall  of  1972.   The  Coordinating 
Center  organized  standardized  training  sessions  for  blood  pressure  measure- 
ment and  health  counselling  in  January,  1973.  Also,  training  sessions  for 
ECG  Center  and  Central  Laboratory  personnel,  respectively. 

Screening  and  enrollment  into  the  Phase  II  program  began  in  February. 
As  of  April  23,  1973,  25,618  of  these  age-eligible  persons  have  been  enu- 
merated in  the  fourteen  communities;  23,438  of  these  have  undergone  primary 
screening,  and  1506  have  visited  the  Program  clinics  and  have  been  randomized 
into  the  Program. 

Projected  Course;   It  is  anticipated  that  screening  and  enrollment  will 
be  completed  by  December,  1973,  or  January,  1974,  and  the  first  annual 
assessment  home  visits  will  begin  in  February  1974.   It  is  estimated  that  it 
will  take  approximately  five  years  of  follow-up  observations  to  demonstrate 
a  statistically  significant  reduction  in  mortality;  however,  an  ongoing 
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analysis  of  endpoint  events  will  be  undertaken  to  determine  if  effectiveness 
IroZoPLZ:,'''   demonstrated  at  an  earlier  date  in  the  entire  randomized 
group  of  hypertensives  or  in  any  prestratif ied  subgroup. 

The  cost  of  the  Program  in  FY73  is  approximately  $6.1  million   It  is 
estimated  that  the  cost  for  FY74  will  be  $7.4  million.     "^^^^^°^-   -^^  is 

.T  .P^f ^^ipating  Centers:   The  Hypertension  Detection  and  Follow-Up  Program 
clinical  centers  and  their  principal  investigators  are:  Program 

Reuben  Berman,  M.  D. 
Mount  Sinai  Hospital 
Minneapolis,  Minnesota 

M.  Donald  Blaufox,  M.  D.,  Ph.D./Bertrand  M.  Bell,  M.  D. 
Albert  Einstein  College  of  Medicine 
Bronx,  New  York 

Nemat  0.  Borhani,  M.  D. 

University  of  California  School  of  Medicine 

Davis,  California 

C.  Hilmon  Castle,  M.  D. 
University  of  Utah  Medical  Center 
Salt  Lake  City,  Utah 

Sandra  A.  Daugherty,  M.  D.,  Ph.D. 
Michigan  State  University 
East  Lansing,  Michigan 

George  Entwisle,  M.  D. /Maureen  Henderson,  M.  D. 
University  of  Maryland  School  of  Medicine 
Baltimore,  Maryland 

Frank  A.  Finnerty,  Jr.,  M.  D. 
Georgetown  University  School  of  Medicine 
Washington,  D.  C. 
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Curtis  G.  Hames,  M.  D./Iqbal  Krishan,  M.  D. 
Evans  County  Health  Department 
Claxton,  Georgia 

Edward  Kass,  M.  D. /James  0.  Taylor,  M.  D. 
Boston  City  Hospital 
Boston,  Massachusetts 

Herbert  Langford,  M.  D. 

University  of  Mississippi  Medical  Center 

Jackson,  Mississippi 

Morton  Maxwell,  M.  D. 
Cedars-Sinai  Medical  Center 
Los  Angeles,  California 

Harold  W.  Schnaper,  M.  D. /Albert  Oberman,  M.  D. 
University  of  Alabama  Medical  Center 
Birmingham,  Alabama 

Jeremiah  Stamler,  M.  D. 

Northwestern  University  Medical  School 

Chicago,  Illinois 

Elbert  P.  Tuttle,  M.  D. /Charles  A.  Gilbert,  M.  D. 
Emory  University  School  of  Medicine 
Atlanta,  Georgia 

The  Coordinating  Center  and  Principal  Investigators  are: 

Richard  Remington,  Ph.D. /Darwin  R.  Labarthe,  M.  D. 
University  of  Texas  School  of  Public  Health 
Houston,  Texas 

The  Central  Laboratory  and  Principal  Investigator  is: 

Kenneth  A.  Schneider,  M.  D. 
Northwestern  Memorial  Hospital 
Chicago,  Illinois 
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The  EGG  Center  and  Principal  Investigators  are: 

Ronald  Prineas,  M.B.,  Ph.D. /Henry  Blackburn,  M.  D. 
Laboratory  of  Physiological  Hygiene 
University  of  Minnesota  School  of  Public  Health 
Minneapolis,  Minnesota 

Other  Activities;  During  this  fiscal  year.  Dr.  Payne  has  served  as 
Chairman  of  Task  Force  III,  Community  Education  for  the  Working  Group  of  the 
National  High  Blood  Pressure  Education  Program.   The  Task  Force  has  met  at 
least  once  a  month  since  August,  1972,  and  has  prepared  three  interim  reports 
for  the  Secretary's  Hypertension  Information  and  Education  Advisory  Committee. 
The  Task  Force  developed  plans  for  an  interview  survey  of  a  national  sample 
regarding  public  knowledge  and  behavior  regarding  high  blood  pressure. 
Dr.  Payne  is  project  officer  for  the  contract  for  this  survey  which  is  held 
with  Louis  Harris  and  Associates.   The  data  acquisition  will  be  completed  by 
June,  1973,  and  analysis  by  August,  1973.   (Contract  cost:   $129,280)   The 
Task  Force  also  sponsored  a  Community  Education  Development  Workshop  in 
Atlanta  in  April  which  thirty  invited  community  leaders  and  representatives 
of  seven  ongoing  community  hypertension  programs  attended.   A  final  report  of 
these  activities  will  be  presented  to  the  Advisory  Committee  in  July,  1973. 

Dr.  Blaszkowski  and  Dr.  Payne  are  serving  as  liaison  officers  to  the 
Veterans  Administration  Research  Service  in  a  double-blind  clinical  trial  of 
propranolol  to  be  carried  out  in  seven  V.  A.  hospitals  with  staff  experienced 
in  clinical  drug  trials.   The  project  will  take  an  estimated  two  years. 
(Interagency  Agreement  cost:   $69,500) 

Consultations: 

Southeastern  States  Regional  Medical  Program 

Hypertension  Committee 

Consultation  on  community  hypertension  control  programs 

Georgia  Heart  Association 

Consultation  on  community  education  in  hypertension 

National  Center  for  Health  Statistics 
Consultation  on  hypertension  questionnaire 
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Publications  Related  to  the  HDFP; 

FINNERTY,  F.  A.,  Jr.,  SHAW,  L.  W. ,  HIMMELSBACH,  C.  K. :  Hypertension 
in  the  Inner  City.  II.  Detection  and  Follow-Up.   Circulation, 
Volume  XLVII,  76-78,  January  1973. 

STAMLER,  J.,  BERKSON,  D.M. ,  GOSCH,  F.S.:   The  New  National  Coopera- 
tive Hypertension  Detection  and  Follow-Up  Program.   Chicago  Medicine, 
Vol.  76,  No.  3,  81-82,  February  10,  1973. 

Medical  News  Editor.  Hypertension  Study  Enters  Second  Phase.  J. A.M. A. 
224:461-462,  April  23,  1973. 

Other  Publications: 

DURBECK,  D.C.,  HEINZELMANN,  F. ,  SCHACHTER,  J.,  HASKELL,  W. ,  PAYNE, 
G.H.,  MOXLEY,  R.T. ,  NEMIROFF,  M. ,  LIMONCELLI,  D.D.  ,  ARNOLDI,  L.B., 
and  FOX,  S.M.  Ill:  The  National  Aeronautics  and  Space  Administration-U.S. 
Public  Health  Service  Evaluation  and  Enhancement  Program:  Summary  of 
Results.  Am.  J.  Cardiology,  30:784-790,  1972. 
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Project  Title: 


Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of 
Coronary  Heart  Disease 


Previous  Serial  Number:   None 


Principal  Investigator: 


Other  Investigators: 


Dr.  Charles  T.  Kaelber,  Epidemiologist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention,  serves  as 
Executive  Secretary  for  review  panels,  NHLI 
Coordinator  for  the  Program  and  as  Project  Officer  for 
the  related  contracts.   He  is  a  representative  of  NHLI 
on  the  Steering  Committee  and  serves  as  ex  officio 
representative  on  other  committees. 

Dr.  Max  Halperin,  Chief,  Biometrics  Research  Branch, 
and  Mr.  Tavia  Gordon,  Supervisory  Statistician, 
Biometrics  Research  Branch,  are  serving  as  the  chief 
NHLI  Statistical  Consultants  for  this  project. 
Dr.  Halperin  is  a  voting  member  of  the  Steering 
Committee  and  Mr.  Gordon  is  a  voting  member  of  the 
Design  and  Analysis  Committee. 

Miss  Jeanne  Tillotson,  Consultant  Dietitian,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention,  and 
Miss  Marilyn  Farrand,  Nutritionist,  Preventive 
Cardiology  Branch,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention  serve  as 
staff  consultants  for  the  project.   Miss  Tillotson 
serves  as  recording  secretary  for  the  Nutrition 
Committee  and  Miss  Farrand  serves  as  recording 
secretary  for  the  Materials  Review  Committee. 

Dr.  Lawrence  Friedman  is  assistant  to  the  Project 
Officer  and  serves  as  a  medical  liaison  officer 
for  the  project. 
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Dr.  Thomas  Blaszkowski,  Pharmacologist  Consultant, 
Office  of  the  Associate  Director  for  Clinical 
Applications  and  Prevention  serves  as  pharmacology 
consultant  for  the  project. 

Cooperating  Units:   Consultation  is  provided  by  Dr.  Gerald  Cooper,  Chief, 

Clinical  Chemistry  and  Hematology  Branch,  NCDC, 
Atlanta,  Georgia 

Consultation  is  also  provided  by  Dr.  Daniel  Horn,  Director, 
National  Clearinghouse  for  Smoking  and  Health,  Bethesda, 
Maryland 

Man  Years: 

Total:  4.0 
Professional:  3.0 
Other:         1.0 

Project  Description: 

Introduction:   As  a  result  of  actions  taken  during  FY  72  (release  of 
RFP-NHLI-7  2- 16,  "Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention 
of  Coronary  Heart  Disease,"  and  RFP-NHLI-7  2- 17,  "Coordinating  Center  for  the 
Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of  Coronary  Heart 
Disease')  nine  contracts  were  awarded  late  in  FY  72  to  establish  eight  clinical 
centers  and  a  coordinating  center  for  the  Multiple  Risk  Factor  Intervention 
Trial.   The  Principal  Investigators  met  early  in  FY  73  to  organize  themselves 
and  their  staffs  into  a  Steering  Committee  and  several  working  subcommittees 
to  carry  out  detailed  planning  to  implement  the  Trial.   The  Principal  Inves- 
tigators and  their  staffs  have  met  frequently  during  the  year  to  develop  a 
common  protocol,  a  manual  of  operations  and  procedures  and  to  lay  the  ground- 
work for  implementing  the  Trial  in  each  community. 

RFP-NHLI- 73- 10, "Multiple  Risk  Factor  Intervention  Trial  Central  Laboratory" 
was  distributed  to  the  eight  funded  clinical  centers  in  October  1972.   Of  the 
four  centers  submitting  proposals  the  one  from  the  Pacific  Medical  Center  was 
awarded  the  contract  in  February  1973  to  establish  a  Central  Laboratory  for 
the  Trial. 
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RFP-NHLI-73-11,  "Additional  Clinical  Centers  for  the  NHLI  Multiple  Risk 
Factor  Intervention  Trial  for  the  Prevention  of  Coronary  Heart  Disease"  was 
released  in  October  197  2  after  an  announcement  in  the  Commerce  Business  Daily. 

Twenty- one  proposals  were  received  and  reviewed  by  the  Technical  Review 
Committee  on  March  1-2,  1973.   Seven  additional  centers  were  approved  and 
have  been  recommended  for  funding.   Negotiations  are  in  process  for  these 
centers  as  well  as  for  renewal  proposals  from  the  eight  clinical  centers  and 
the  Coordinating  Center  already  participating. 

A  Policy  Advisory  Board  was  appointed  by  the  Director  of  NHLI  in 
November  1972,  to  act  in  a  senior  advisory  capacity  on  policy  matters.   It 
first  met  December  15  to  review  a  protocol  draft  for  the  Trial. 

RFP-NHLI-73-23,  "Electrocardiogram  Center  for  the  Multiple  Risk  Factor 
Intervention  Trial  for  the  Prevention  of  Coronary  Heart  Disease"  was  released 
in  February  1973,  after  an  announcement  in  the  Commerce  Business  Daily. 
Proposals  received  in  response  to  this  RFP  are  being  reviewed  and  selection  is 
expected  to  be  made  prior  to  the  end  of  the  current  fiscal  year. 

Objectives;   The  objective  of  the  Multiple  Risk  Factor  Intervention  Trial 
is  to  determine  whether  or  not  a  preventive  program  directed  at  the  reduction 
of  serum  lipids,  reduction  of  blood  pressure,  and  reduction  or  elimination  of 
cigarette  smoking  among  men  aged  35-54  who  are  at  high  risk  of  coronary  heart 
disease  from  a  combination  of  these  risk  factors  can  result  in  a  significant 
reduction  in  the  incidence  of  myocardial  infarction  and  death  from  coronary 
heart  disease  over  a  six-year  primary  intervention  clinical  trial. 

Methods  Employed;   To  achieve  this  objective  a  screening  program  will  be 
conducted  to  identify  approximately  12,000  men  aged  35-54  who 

a.  are  in  the  upper  107o  of  the  distribution  of  risk  for 
death  from  coronary  heart  disease  based  on  risk  factors 
of  elevated  serum  cholesterol,  elevated  diastolic  blood 
pressure,  and  cigarette  smoking, 

b.  do  not  have  pre-existing  definite  clinical  coronary  heart 
disease,  or  other  specified  causes  for  exclusion,  and 

c.  are  willing  to  commit  themselves  to  a  six-year  intervention 
program 
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Of  the  men  so  selected,  50%  will  be  randomly  allocated  to  a  Special 
Intervention  program  and  50%  will  be  referred  back  to  their  physicians  or 
their  usual  source  of  medical  care.   This  intervention  program  is  designed  to 
achieve  and  maintain  a  lowering  of  serum  cholesterol,  a  reduction  in  blood 
pressure,  and  cessation  of  cigarette  smoking.   It  is  recognized  that  within 
this  group  of  men  the  intervention  program  will  have  varying  degrees  of  success 
in  achieving  the  desired  goals  for  risk  factor  change.   For  identification  of 
specific  goals  with  reasonable  chance  of  attainment  and  for  purposes  of 
indicating  an  alternative  hypothesis  for  sample  size  computation,  the  following 
general  specifications  of  risk  factor  change  expressed  as  average  change,  are 
made: 

a.  a  10%  reduction  from  baseline  in  serum  cholesterol 

b.  a  10%  reduction  from  baseline  in  diastolic  blood  pressure 

c.  a  20,  30,  or  40%  net  reduction  in  amount  of  cigarette 
smoking  for  heavy,  moderate  or  light  cigarette  smokers 
respectively 

The  primary  endpoint  of  the  Trial  is  death  ascribed  to  coronary  heart 
disease,  with  secondary  major  endpoints  being  coronary  heart  disease  incidence 
(nonfatal  myocardial  infarction  plus  coronary  heart  disease  mortality), 
deaths  from  cardiovascular  disease,  and  deaths  from  all  causes.   Endpoints  will 
be  documented  on  special  forms  forwarded  to  the  Coordinating  Center  at  specified 
times. 

These  forms  will  include  information  gathered  by  the  clinic  physicians 
from  all  available  sources:   family,  personal  physician,  and  hospital  records 
including  the  autopsy  and  ECO.   It  is  to  be  accompanied  by  a  copy  of  the  death 
certificate.   Efforts  to  obtain  as  high  an  autopsy  rate  as  possible  will  be 
made.   Cause  of  death  will  be  reviewed  by  a  Mortality  Classification  Committee 
which  will  classify  and  code  deaths  based  on  a  central  review  of  all  infor- 
mation on  the  Death  Form,  blinded  by  name,  clinic  and  randomization  group. 

Criteria  for  nonfatal  myocardial  infarction  include  ECG  findings  and 
changes  over  time  found  during  scheduled  annual  examinations  based  on  ECG 
assessment. 

Major  Findings:   N/A 
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,    Significance  to  Biomedical  Research  and  the  Program  of  the  Institute- 
There  is  now  convincing  evidence  that  the  three  factors  -  elevated  serum' 
cholesterol,  elevated  blood  pressure  and  cigarette  smoking  -  are  associated 
with  excessive  risk  of  developing  premature  coronary  heart  disease.   The  risk 
of  myocardial  infarction,  sudden  death,  and  death  from  coronary  heart  disease 
has  been  found  to  increase  directly  with  the  levels  of  serum  cholesterol  and 
blood  pressure,  and  by  amount  of  cigarette  smoking  in  both  men  and  women. 
According  to  present  estimates,  approximately  80%  of  death  and  disability  from 
cardiovascular  disease  occurs  among  persons  having  one  or  more  of  these  risk 
factors  working  against  them.   A  number  of  cardiovascular  epidemiological 
studies  carried  out  at  various  locations  in  the  United  States  (including 
Albany,  New  York;  Chicago,  Illinois;  Evans  County,  Georgia;  Framingham, 
Massachusetts;  Los  Angeles,  California;  Minneapolis,  Minnesota;  Tecumseh, 
Michigan;  and  others)  have  demonstrated  the  importance  of  these  risk  factors, 
singly  and  in  combination,  in  predicting  premature  coronary  heart  disease 
For  example,  data  from  the  Framingham  Heart  Disease  Study  showed  that  men  with 
one  risk  factor  had  an  incidence  of  coronary  heart  disease  1.9  times  the  rate 
of  men  with  none  of  these  risk  factors.   With  two  risk  factors  present,  the 
incidence  was  3.4  times  higher  and  with  all  three  factors  the  incidence  was 
10.6  times  that  found  among  men  with  none.   Although  suggestive  improvements 
m  morbidity  from  coronary  heart  disease  have  been  obtained  in  intervention 
trials,  the  key  health  issue  of  whether  or  not  intervention  on  hyperlipidemia, 
elevated  blood  pressure  and  cigarette  smoking  can  provide  primary  prevention 
for  premature  coronary  heart  disease  remains  to  be  established. 

The  strength  of  the  relationship  of  risk  to  combinations  of  elevated  serum 
cholesterol,  elevated  blood  pressure,  and  cigarette  smoking  provides  a 
powerful  and  common  experimental  circumstance  for  achieving  a  substantial 
reduction  in  incidence  of  coronary  heart  disease  in  a  Special  Intervention  group 
compared  with  one  receiving  usual  care. 

The  NHLI  Task  Force  on  Arteriosclerosis  ussued  the  following  statements 
m  its  report  released  in  June,  1971. 

(D)   Multifactor  Prevention  Trials.   In  addition  to  clinical 
trials  in  which  treatment  is  directed  toward  a  single  risk 
factor,  trials  can  be  undertaken  where  treatment  is  directed 
simultaneously  toward  a  number  of  risk  factors.   Such  combined 
intervention  more  closely  resembles  the  type  of  intervention 
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that  would  be  carried  out  by  a  physician  in  his  treatment 
of  a  patient. 

The  Task  Force  recommends  that  the  National  Heart 
and  Lung  Institute  undertake  multiple  risk  factor 
intervention  trials  in  individuals  at  high  risk 
because  of  combinations  of  elevated  serum  lipids, 
hypertension,  and  cigarette  smoking.   These  trials 
will  have  the  merit  of  demonstrating  whether  or  not 
intervention  can  prevent  the  complications  of  human 
arteriosclerosis  since  this  is  the  crucial  question 
as  yet  unanswered  by  direct  experiment.   These  trials 
would  not  delineate  the  effects  of  the  various  indi- 
vidual risk  factors. 

The  Task  Force  reviewed  this  question  and  convened  a  panel  of 
experts  to  consider  such  trials.   It  was  concluded  that  such 
trials  would  be  feasible.   These  trials  would  require  popu- 
lations of  manageable  size  and  would  be  likely  to  yield  a 
meaningful  answer.   Similar  studies  are  also  in  various  stages 
of  planning  or  in  operation  in  European  countries  under  the 
auspices  of  the  World  Health  Organization. 

As  a  result  of  the  recommendation  of  the  Task  Force,  the  Clinical  Appli- 
cations and  Prevention  Program  of  the  National  Heart  and  Lung  Institute 
invited  contract  proposals  for  the  development  and  conduct  of  a  multiple  risk 
factor  intervention  trial  to  determine  the  efficacy  of  intervention  on 
elevated  blood  lipids,  hypertension,  and  cigarette  smoking  in  the  prevention 
of  coronary  heart  disease. 

Projected  Course;   It  is  anticipated  that  the  Multiple  Risk  Factor  Inter- 
vention Trial  will  take  approximately  seven  years  --  one  year  for  screening 
and  six  years  of  follow-up.   After  the  testing  and  approval  of  the  protocol  and 
Manual  of  Operations  by  a  Technical  Review  Panel,  screening  and  intake  of 
participants  is  scheduled  to  begin  during  September  1973. 

The  Principal  Investigators  of  the  nine  renewal  contract  proposals  and 
seven  new  proposals  submitted  for  negotiations  in  FY  73  and  early  FY  74  are 
the  following: 
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Clinical  Renewal  Contract  Proposals 


Ernest  L.  Wynder,  M.D. 
American  Health  Foundation 
New  York,  New  York 


James  Dalen,  M.D. 
Harvard  University 
Boston,  Massachusetts 


Nemat  0.  Borhani,  M.D. 
University  of  California  at  Davis 
School  of  Medicine 
Davis,  California 


J.  Richard  Warbasse,  M.D. 
University  of  Maryland 
Baltimore,  Maryland 


Henry  W.  Blackburn,  M.D. 
Henry  L.  Taylor,  Ph.D. 
University  of  Minnesota 
Minneapolis,  Minnesota 


Jeremiah  Stamler,  M.D. 
Oglesby  Paul,  M.D. 
Northwestern  University 
Chicago,  Illinois 


Herbert  B.  Zimmerman,  M.D. 
St.  Louis  Heart  Association 
St.  Louis,  Missouri 


Stephen  B.  Hulley,  M.D. 
W.  McFate  Smith,  M.D. 
Pacific  Medical  Center 
San  Francisco,  California 


Coordinating  Center  Renewal  Proposal 


Marcus  0.  Kjelsberg,  Ph.D. 
University  of  Minnesota 
Minneapolis,  Minnesota 
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New  Clinical  Proposals 


Norman  L.  Lasser,  M.D. 

College  of  Medicine  and  Dentistry 

of  New  Jersey 
Newark,  New  Jersey 


J.  Wild,  M.D. 

Kaiser  Foundation  Hospital 

Portland,  Oregon 


T.  R.  Dawber,  M.D. 
Boston  University 
Boston,  Massachusetts 


H.  W.  Schnaper,  M.D. 
University  of  Alabama 
Birmingham,  Alabama 


P.  Kezdi,  M.D. 

Cox  Heart  Institute 

Dayton,  Ohio 


L.  H.  Kuller,  M.D. 
University  of  Pittsburgh 
Pittsburgh,  Pennsylvania 


W.  H.  Holmes,  Ph.D. 
Lankenau  Hospital 
Philadelphia,  Pennsylvania 
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Project  Title:   Development  and  Evaluation  of  Nutrition  Education  Programs 
for  Dietary  Management  of  Hyperlipidemia 

Previous  Serial  Number:   None 

Principal  Investigator:   Marilyn  Farrand,  Nutritionist,  Project  Officer 

Other  Investigators:   Dr.  Mary  McCann,  Columbia  University;  Dr.  Helen  Brown, 

Cleveland  Clinic;  Dr.  William  Insull,  Rockefeller 
Institute;  and  Dr.  Charles  Kaelber  and  Miss  Jeanne 
Tillotson,  NHLI,  are  members  of  the  Contract  Monitoring 
Committee. 


Man  Years: 

Total: 

0.1 

Professional: 

0.1 

Other: 

0.0 

Project  Description: 

Objectives:   The  objective  of  these  nutrition  education  programs  is  to 
develop,  test,  and  evaluate  promising  techniques  for  nutrition  education  for 
practical  use  with  hyper lipidemic  patients.   The  immediate  application  of 
these  programs  is  to  the  Multiple  Risk  Factor  Intervention  Trial.   However, 
the  results  should  be  more  broadly  applicable  to  other  patient  education 
programs  involving  dietary  treatment  of  hyperlipidemia. 

The  two  projects  currently  being  supported  are:   Chicago  Heart  Association, 
Principal  Investigator  Dr.  Louis  Mojonnier;  and  the  University  of  Chicago, 
Principal  Investigators  Dr.  Richard  J.  Jones  and  Mrs.  Dorothea  Turner. 

The  Chicago  Heart  Association  project  is  developing  a  cooperative  program 
with  the  Chicago  Heart  Association,  the  Chicago  Board  of  Health,  and  St. 
Joseph  Hospital  to  teach  hyperlipidemic  participants  to  modify  their  intake 
of  the  five  food  groups  that  contribute  most  of  the  saturated  fat  and 
cholesterol  to  the  typical  American  diet,  using  trained  lay  personnel  for  the 
actual  teaching. 
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Objectives  are: 

1.  To  develop  and  test  four  educational  methods  --  individual,  group, 
self- teaching  and  multi- methods  --  in  populations  of  different 
socio-economic,  ethnic  and  racial  backgrounds,  and  in  three  types 
of  settings:   a  nutrition  counselling  facility,  a  community  health 
center  and  a  hospital. 

2.  To  teach  diet  modification  as  a  change  in  habits  of  eating  the  five 
food  groups,  rather  than  following  a  diet  prescription  tailored  to 
the  individual. 

3.  To  train  lay  personnel  to  become  nutrition  counselling  aides  capable 
of  teaching  hyperlipidemic  participants  how  to  modify  their  food 
intake,  and  of  motivating  them  to  maintain  the  new  eating  patterns 
until  they  have  become  habitual. 

4.  To  develop  audio-visual  teaching  materials  suitable  for  use  with 
large  numbers  of  people  with  various  socio-economic,  ethnic  and 
racial  patterns;  these  materials  will  include  programmed 

self- teaching  and  TV  sequences  for  use  with  closed- circuit  TV  in 
a  hospital. 

5.  To  evaluate  the  program  using  as  measures  of  effectiveness 

self- administered  questionnaires,  pre-test  and  post-tests,  comparative 
costs,  changes  in  weight  and  serum  lipid  levels. 

The  University  of  Chicago  contract  is  being  conducted  at  the  hospital 
outpatient  nutrition  clinic.   Specific  objectives  are  as  follows: 

1.  To  develop  brief,  self- administered  questionnaires  and  educational 
techniques  to  provide  educational  diagnosis  of  the  patient. 

2.  To  develop  a  brief  self- administered  questionnaire  to  define  the 
patient' s  emotional  status  and  motivation  toward  health  improvement. 

3.  To  assess  available  audio-visual  and  printed  materials  used  in  diet 
counselling  for  their  suitability  in  teaching  particular  types  of 
learners. 
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4.  To  develop  new  programs  of  instructions  and/ or  graphic  materials  for 
use  in  counselling  for  those  patients  whose  mode  of  learning  is  not 
matched  by  present  material. 

5.  To  compare  the  ease,  time  required  and  success  of  patient  education 
when  the  appropriate  program  is  provided  as  compared  with  the 
control  situation. 

6.  To  correlate  selected  patient  parameters  with  success  of  diet 
therapy. 

Methods  Employed;   The  Chicago  Heart  Association  project  is  being  carried 
out  at  three  centers  representing  different  settings  for  delivery  of  health 
care  and  serving  different  populations.   The  Heart  Association  serves 
industrial  and  office  workers;  the  hospital,  patients  from  a  variety  of  ethnic 
and  socio-economic  backgrounds;  and  the  health  center,  the  inner-city  black 
community.   Persons  invited  into  the  study  will  be  men  and  women,  25-59  years 
of  age,  with  serum  cholesterol  values  greater  than  225  mg/dl.   At  each  center, 
150  patients  are  being  enrolled.   They  will  be  randomly  assigned  to  one  of 
five  groups:   control,  individual,  group,  self- teaching  or  multi-method. 
Approximate  educational  materials  and  procedures  are  being  developed  for 
them  as  well  as  for  the  nutrition  aides. 

The  effectiveness  of  various  educational  methods  within  one  health  care 
setting  and  among  the  several  settings  with  different  populations  are  being 
tested.   The  teaching  methods  will  be  compared  in  terms  of  learning  achieved, 
effect  on  weight  and  serum  lipids  and  also  by  changes  in  food  patterns.   Diet 
adherence  is  being  evaluated  by  food  records  and  24-hour  recall;  adherence 
measured  by  these  means  will  be  compared  to  a  simplified  scoring  method  based 
upon  the  five  major  food  groups.   Family  food  purchases  will  also  be  evaluated. 
The  relationship  between  diet  adherence  and  life  situations  will  be  assessed. 
Information  collected  on  participants'  perceptions  of  the  amount  of  support 
from  his  spouse,  other  family  members  and  physician  will  be  used  to  supplement 
adherence  evaluation.   The  relative  costs  of  the  teaching  methods  will  be 
ascertained. 

Participants  counselled  in  the  hospital  outpatient  nutrition  clinic  receive 
initial  diet  education  while  hospitalized.   Hospital  menus  and  television 
programs  are  being  used  for  initial  learning  experiences. 
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The  second  project  at  the  University  of  Chicago  outpatient  nutrition 
clinic  will  involve  about  400  hyperlipidemic  patients.   They  will  represent 
various  educational,  economic  and  cultural  backgrounds.   Their  preferred 
learning  method  will  be  ascertained  by  a  questionnaire  designed  particularly 
to  provide  an  educational  diagnosis.   Thereafter,  they  will  be  assigned  to 
various  study  groups  according  to  their  educational  diagnosis  or  to  another 
form  of  diet  counselling. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Dietary  modification  to  reduce  serum  lipids  is  considered  a  vital  component 
of  treatment  of  hyper lipidemia,  and  nutrition  education  programs  is  essential 
for  successful  application  of  scientific  advances  being  made.   The  need  to 
provide  these  programs  will  grow  as  more  patients  with  hyperlipidemia  are 
identified.   However,  the  effectiveness  of  present  efforts  to  produce  maximum, 
long-term  adherence  to  diet  modification  needs  improvement.   Interdisciplinary 
efforts  among  physicians,  nutritionists,  behavioral  scientists  and  educational 
specialists  is  essential.   There  is  a  need  to  develop  appropriate  methods  and 
materials  for  patients  with  varying  educational  and  cultural  backgrounds  for 
use  in  various  settings,  such  as  voluntary  agencies,  hospital  and  health 
department  nutrition  clinics,  and  private  physicians'  offices.   Concurrently 
a  shortage  of  professional  health  personnel  exists.   Extension  of  nutrition 
services  by  improving  educational  methods  and  materials  for  nutrition  is 
needed.   Also,  inclusion  of  other  trained  personnel  in  the  educational  programs 
will  add  to  the  manpower  for  these  programs. 

Both  of  these  nutrition  education  projects  are  making  significant  contri- 
butions to  improved  nutrition  education  for  the  Multiple  Risk  Factor  Inter- 
vention Trial;  many  other  nutrition  programs  sponsored  by  NHLI  and  others 
will  also  benefit. 

The  University  of  Chicago  educational  diagnosis  questionnaires  will  be 
administered  to  CHA  participants;  educational  materials  and  methods  in  both 
projects  have  potential  use  in  the  MRFIT.   The  CHA,  in  particular,  prepared 
an  educational  audio-visual  presentation  which  is  being  adapted  to  MRFIT.   It 
is  also  experimenting  with  a  short  method  to  score  food  records  for  diet 
adherence,  without  the  need  of  computerized  nutrient  analysis,  as  well  as 
developing  a  system  to  obtain  food  records  by  mail.   The  food  group  system 
used  there  and  subsequent  printed  educational  materials  have  been  submitted 
to  MRFIT.   Educational  programs  for  CHA  nutrition  aides  can  be  adapted  for 
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MRFIT  health  counsellors.   Many  forms  and  procedures  used  for  data  collection, 
for  education  and  reinforcement  programs  are  being  adapted  for  MRFIT.   Since 
woth  locations  are  proposed  MRFIT  centers,  the  Trial  will  benefit  from  the 
established  programs  there. 

The  Chicago  Heart  Association  program  will  provide  experiences  that  might 
readily  and  fruitfully  be  followed  throughout  the  country.   The  plan  to  teach 
a  simple  food  pattern  is  a  realistic,  easy  approach  to  changing  food  habits. 
It  is  essential  to  have  practical  models  for  teaching  large  numbers  of 
patients.   Cost  of  delivering  this  type  of  program  is  low  enough  to  have  wide 
applicability. 

The  adaptibility  of  the  educational  program  to  various  settings  and 
populations  will  be  demonstrated.   The  community  health  center  program  will 
provide  research  into  educational  methods  and  adaptation  of  fat  modified 
diets  for  low  income  groups.   Diet  counselling  in  the  voluntary  agency 
represents  a  resource  for  private  physicians. 

Other  significant  contributions  are  that  the  teaching  methods  and 
materials  will  be  valuable  for  many  programs,  and  the  costs  of  the  most 
effective  method  will  be  determined  to  assist  in  future  planning.   Experi- 
mentation with  simple  ways  to  collect  diet  data  and  rate  adherence  will 
provide  practical  approaches  for  long-term  follow-up  for  reinforcement, 
clarification  and  encouragement.   Development  of  programs  to  train  lay 
personnel  necessary  for  the  Multiple  Risk  Factor  Intervention  Trial,  as  well 
as  for  extending  nutrition  knowledge  to  the  public  at  large. 

The  University  of  Chicago  Project  will  be  the  first  attempt  to  apply 
newer  ideas  from  educational  philosophy  to  a  medical  setting.   It  is  hoped 
that  with  simple  objective  tests  it  will  be  possible  to  recognize  the  major 
types  of  learners  and  also  that  appropriate  learning  experiences  can  be 
matched.   Also,  it  may  be  possible  to  predict  the  motivational  level  of  a 
patient  by  gaining  some  insight  into  his  emotional  state.   More  efficient 
and  effective  programs  will  result,  for  learners  will  not  only  be  categorized 
but  appropriate  educational  programs  will  be  developed.   Such  a  technique 
might  be  applied  to  other  health  areas.   Certain  aspects  of  the  educational 
program  might  be  assigned  to  less  skilled  personnel,  thereby  adding  to  the 
resources  for  patient  education  and  care. 


HV  PC  23 


Serial  No. 

1.   Associate  Director  for  Clinical 

Applications  and  Prevention,  NHLI 
2. 
3.   Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  197  2  through  June  30,  1973 


Proposed  Course;   The  projects  will  be  completed  by  June  30,  1974. 
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Project  Title:   Nutrition  Research  and  Consultation 

Previous  Serial  Number:   None 

Principal  Investigator;   Marilyn  Farrand,  Nutritionist 

Other  Investigators:   None 

Cooperating  Units:   U.S.  Public  Health  Service  Hospital,  Baltimore,  Maryland 

Man  Years: 

Total:  0.9 
Professional:  0.9 
Other:         0.0 

Project  Description: 

During  the  past  year,  the  nutritionist's  work  has  included  consultation 
with  other  Clinical  Applications  and  Prevention  staff  members  to  develop  and 
implement  plans  for  program  activities  related  to  nutrition.   In  particular 
the  major  activity  is  in  relation  to  MRFIT.   In  addition,  guidance  has  been 
provided  to  other  nutrition  related  projects  within  NHLI  and  outside  research 
programs  and  health  agencies  that  either  have  nutrition  research  and  services 
related  to  cardiovascular  disease  nutrition  or  plans  to  develop  these 
activities. 

The  nutritionist's  participation  during  the  past  year  has  been  in  the 
following  major  areas: 

1.  Participated  in  the  Multiple  Risk  Factor  Intervention  Trial  as  a 
member  of  the  Nutrition  Committee  and  its  coordinating  cabinet; 
served  as  chairman  of  the  task  force  to  review  nutrition  education 
materials,  co-chairman  of  the  committee  to  develop  new  nutrition 
education  materials,  liaison  fo  the  MRFIT  Steering  Committee, 
Smoking  Committee  and  Materials  Review  Committee. 

2.  Provided  consultation  concerning  the  nutrition  component  of 
research  in  the  Lipid  Intervention  Project  at  Social  Security 
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Administration,  Baltimore,  Maryland.   Improvements  in  the  nutrition 
materials  and  procedures  were  made  in  collaboration  with  the  project 
nutritionist.   The  nutrition  education  component  of  this  project 
has  been  completed. 

3.  Provided  nutrition  consultation  for  the  Controlled  Clinical  Trials 
of  Therapy  for  Hypertension  in  the  General  Population  and  parti- 
cipated in  its  training  program  for  health  counsellors  1/7/73. 

4.  Assisted  in  the  preparation  of  the  nutrition  component  of  Request 
for  Proposals  NHLI  73-11,  Additional  Clinical  Centers  for  the 
Multiple  Risk  Factor  Intervention  Trial  for  the  Prevention  of 
Coronary  Heart  Disease. 

5.  Provided  professional  staff  with  nutrition  information  for  use  in 
program  development  and  coordination  with  nutrition  activities  in 
NHLI  and  other  government  agencies  including  VA  Dietetic  Service. 

6.  Serves  as  Project  Officer  for  two  contracts  described  in  Individual 
Project  Report  for  "Development  and  Evaluation  of  Nutrition  Education 
Programs  for  Dietary  Management  of  Hyperlipoproteinemia." 

7.  Participated  in  nutrition  programs  sponsored  by  voluntary  and 
official  health  agencies  for  patient  and  prfesssional  education 
related  to  nutrition  in  cardiovascular  disease  (D.C.  Dietetic 
Association  as  Diet  Therapy  Section  Chairman  and  Co- Chairman  for 
the  Association' s  Continuing  Education  Course  "Review  of  Body 
Systems  and  Related  Diseases,"  HSMHA  program  for  orientation  of 
public  health  nutrition  graduate  students,  Veterans  Administration 
Conference  for  Clinical  Dietitians.) 

8.  As  a  member  of  the  American  Heart  Association's  Nutrition  Committee's 
Subcommittee  of  Dietitians  and  Nutritionists,  assisted  in  the 
development  of  educational  materials  and  programs  for  patients  and 
professional  personnel.   In  particular,  serves  as  a  member  of  the 
Committee  for  the  Annotated  Bibliography  (Nutrition/Cardiovascular 
Disease-Reviews),  and  a  member  of  the  committee  to  develop  the 

AHA' s  Cookbook.   Serves  as  co-editor  of  the  Association's  publi- 
cation NUTRAH  -  Nutrition  Programming  in  the  Community. 
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9.   Provided  diet  consultation  for  four  hours  weekly  for  patients 
at  the  PHS  Outpatient  Clinic  in  Washington,  D.C. 


Publications: 


Farrand,  M:   Book  Review  of  "The  Low  Cholesterol  Cookbook"  by 
Cavaiani,  M. ,  in  J.  Am.  Dietet.  A«   61:472,1972. 

Farrand,  M.  and  Brown,  H:   What  a  Dietitian  Should  Know  about 
Hyperlipidemia.   Slide  -  tape  presentation  and  booklet  to  be  published 
by  the  American  Dietetic  Association. 
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Project  Title:   Activities  in  Conjunction  with  New  Multiple  Risk  Factor 
Intervention  Trial. 

Previous  Serial  Number:   None 

Principal  Investigator:   Jeanne  Tillotson,  Consultant  Dietitian 

Other  Investigator:   Miss  Marilyn  Farrand  is  working  in  the  nutrition  education 

phase. 

Cooperating  Units:   The  Trial,  a  multi-center  endeavor,  involves  Clinical 

Centers  at  leading  universities  and  health  centers  across 
the  country. 


Man  Years: 

Total: 

1.5 

Professional: 

1.0 

Other: 

0.5 

Project  Description: 

Objectives;   To  assist  in  the  organization  and  operation  of  the  Multiple 
Risk  Factor  Intervention  Trial's  nutrition- related  activities,  particularly 
in  relation  to  coordination  of  the  overall  project  and  to  development  of  nutri- 
tional data  collection  methods. 

Methods  Employed:   MRFIT  began  a  year  of  planning  in  July  1972,  with  a 
target  date  for  beginning  operations  in  the  fall  of  1973.   During  the  year 
guidance  in  overall  nutrition  committee  policy  making  has  been  provided  by 
serving  as  one  of  six  members  of  the  MRFIT  Nutrition  Committee's  steering 
group,  and  additionally  by  serving  as  secretary  to  the  committee.   A  major 
part  of  the  year' s  work  has  been  devoted  to  leading  the  MRFIT  Nutritional 
Data  Subcommittee  in  making  decisions  about  data-collection  objectives  and 
methods,  and  a  standard  inter-center  Manual  of  Operations  is  now  in  draft 
form.   The  data-collection  methods  worked  out  in  the  NHLI-CAP  epidemiological 
studies  have  been  invaluable  in  this  respect.   Data-collection  forms  are  being 
developed  and  pretested,  and  food  composition  tables  based  on  previous  work 
are  being  prepared. 
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In  the  past  much  has  been  written  about  the  inadequacy  of  existing  food 
composition  tables;  at  present  we  are  working  with  NHLI' s  MRFIT,  LRC,  and 
SCOR  groups  to  obtain  liaison  with  interested  groups  within  the  U.S. 
Department  of  Agriculture  and  the  Food  and  Drug  Administration.   Together  it 
is  hoped  that  presently  existing  food  composition  tables  can  be  updated  to 
reflect  current  changes  in  products  available  on  the  American  market  and  to 
use  more  modern  analytical  methods  where  appropriate.   This  will  be  not 
only  of  benefit  to  the  MRFIT,  SCOR  and  LRC  programs,  but  to  nutritionists  all 
over  the  United  States.   Considerable  progress  has  been  made  during  this 
fiscal  year  by  this  small  interagency  group. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  MRFIT  program  represents  a  large-scale  six  year  study  in  which  free- living 
male  volunteers  will  be  encouraged  to  alter  their  life- styles  toward  more 
healthful  dietary  (and  smoking)  patterns.   The  significance  of  the  project 
relates  not  only  to  projected  diminution  of  CHD  incidence  rates,  but  also  to 
the  demonstration  that  it  is  indeed  possible  to  change  lifetime  behavior 
patterns.   While  the  study  design  will  not  permit  detailed  single-risk  factor 
analysis,  one  of  the  objectives  for  the  collection  of  nutritional  data  will 
be  to  furnish  data  documenting  dietary  changes  and  reasons  for  them.   This 
should  be  of  value  in  setting  up  future  dietary  counselling  programs. 

Proposed  Course;   The  MRFIT  Nutritional  Data  Subcommittee  will  have 
finished  its  principal  assignment  by  the  end  of  the  fiscal  year  with  the 
production  of  data  collection  instruments  and  completion  of  the  Manual  of 
Procedures.   During  the  next  year,  in  which  clinics  actually  get  under  way, 
procedures  will  be  initiated  and  monitored  in  each  locality  and  the  proposed 
data  quality-control  procedures  will  be  instituted.   Work  will  continue  on 
development  of  the  details  of  the  food  composition  tables  and  coding  rules. 
While  annual  assessment  procedures  have  been  established  for  data  collection 
methods  for  years  one  through  six,  these  will  be  pretested  and  expanded 
after  the  project  has  had  some  actual  working  experience.   The  MRFIT  inves- 
tigators anticipate  the  production  of  a  Monograph  based  on  the  first  few 
years  of  experience,  and  the  nutritional  data  collection  procedures  will  be 
documented  for  this  publication.   As  the  study  progresses,  interim  data 
collected  will  be  examined  for  quality,  inter-center  comparability,  and  for 
adequacy;  future  actions  will  be  guided  by  early  results. 
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Project  Title:   Medical  Liaison  with  the  Coronary  Drug  Project 

Previous  Serial  Number:   NHLI-CA-2 

Principal  Investigator:   Dr.  William  J.  Vicic,  Office  of  the  Associate 

Director  for  Clinical  Applications  and  Prevention,  NHLI ,  served  as 
Medical  Liaison  Officer  for  the  Coronary  Drug  Project. 

Note:   This  refers  only  to  services  provided  by  the  Office  of  Associate 
Director  for  Clinical  Applications  and  Prevention.   The  study  itself 
is  being  conducted  by  grantees,  including  Dr.  Robert  W.  Wilkins, 
Chairman  of  the  Policy  Board;  Dr.  Jeremiah  Stamler,  Chairman  of  the 
Steering  Committee;  Dr.  Christian  R.  Klimt,  Director  for  the  Coordina- 
ting Center;  and  clinician-investigators  in  53  participating  grantee 
institutions . 

Other  Investigators:   Dr.  Lawrence  Friedman,  Office  of  the  Associate  Director 
for  Clinical  Applications  and  Prevention,  NHLI,  served  as  Assistant 
Medical  Liaison  Officer  for  the  Coronary  Drug  Project. 

Cooperating  Units: 

1)  Molecular  Disease  Branch,  NHLI  (Dr.  Robert  I.  Levy)  for  pharma- 
cological consultation; 

2)  Laboratory  of  Chemical  Pharmacology,  NHLI  (Dr.  James  R.  Gillette) 
for  pharmacological  consultations; 

3)  Biometrics  Research  Branch,  NHLI  (Dr.  Max  Halperin,  Dr.  William 
Friedewald)  for  statistical  liaison; 

4)  Therapeutic  Evaluation  Branch,  NHLI  (Dr.  Eleanor  M.K.  Darby)  for 
grants  management  aspects  ; 

5)  Central  Laboratory,  National  Communicable  Disease  Center,  U.S. 
Public  Health  Service  (Dr.  Gerald  Cooper,  Dr.  Joseph  Boutwell,  Dr. 
Alan  Mather,  and  Dr.  Dayton  Miller)  for  performance  of  biochemical 
blood  and  urine  studies  of  study  patients. 

6)  Drug  Distribution  Center,  USPHS  Supply  Service  Center  (Mr.  Salvatore 
Gasdia)  for  the  procurement  and  distribution  of  study  drugs; 
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7)   Heart  Information  Center,  NHLI  (Mr.  William  E.  Sanders)  for  assist- 
ance in  responding  to  press  inquiries. 


n  Years : 

Total: 

2.0 

Professional: 

1.5 

Other: 

0.5 

Project  Description: 

Obiectives :   The  Medical  Liaison  Officer  is  the  representative  of  the 
NHLI  Clinical  Applications  Program  to  the  Coronary  Drug  Project.   He  serves 
as  the  chief  medical  link  between  this  grant-support  study  and  the  National 
Heart  and  Lung  Institute.   His  function  is  to  assure  that  full  cooperation 
and  communication  exists  between  this  study  and  the  administration  of  the 
National  Heart  and  Lung  Institute. 

The  Medical  Liaison  Officer  serves  as  recording  and  executive  secretary 
for  the  Policy  Board  and  Steering  Committee  of  this  study.   In  addition,  he 
is  a  member  of  the  Data  and  Safety  Monitoring  Committee,  Hepatology  Committee, 
Laboratory  Committee,  Criteria  Committee,  Editorial  Review  Committee,  Natural 
History  Committee,  Mortality  Classification  Committee  and  CDP  Resource 
Committee.  j 


He  is  also  responsible  for  working  with  the  Coordinating  Center  at  the 
University  of  Maryland,  Baltimore,  Maryland;  with  the  Central  Laboratory  at 
the  National  Communicable  Disease  Center,  Atlanta,  Georgia;  and  with  the 
USPHS  Supply  Service  Center  at  Perry  Point,  Maryland. 

The  principal  objectives  of  this  study  are  as  follows:   1)  To  determine 
the  ability  of  four-lipid -altering  drugs  to  reduce  mortality  and  recurrences 
of  myocardial  infarction  among  men  who  have  already  experienced  one  or  more 
proven  myocardial  infarctions.   2)  To  determine  whether  the  degree  to  which 
these  drugs  change  serum  lipids  is  correlated  with  any  effect  on  mortality 
and  morbidity  rates.   3)   To  gain  further  information  on  the  long-term 
prognosis  of  patients  surviving  myocardial  infarction.   4)   To  acquire  ex- 
perience and  knowledge  concerning  the  techniques  and  statistical  methodology 
of  long-term  clinical  trials. 
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Methods  Employed:   The  project  is  a  cooperative  clinical  trial  involv- 
ing random,  double-blind  assignment  of  patients  to  one  of  six  drug  regimens. 
The  patients  are  men  aged  30-64  years  who  have  survived   one  or  more  myo- 
cardial infarctions  and  who  are  free  of  other  life-limiting  disease.   After 
allocation  to  treatment,  patients  will  be  followed  at  participating  clinics 
for  at  least  five  years  or  until  death.   It  is  estimated  that  to  establish 
unequivocally  a  25  percent  relative  reduction  in  five-year  mortality  rate, 
approximately  8,400  patients  are  required. 

Three  of  the  original  six  drug  regimens  are  discontinued  in  the  project: 
High-dose  estrogens  (5.0  mg  conjugated  equine  estrcgens/day) ,  because  of 
increased  incidence  of  non-fatal  cardiovascular  events,  myocardial  reinfarction 
and  thromboembolic  disease;  dextrothyroxine  (6.0  mg/day) ,  because  of  an 
unfavorable  trend  toward  increased  cardiovascular  mortality  in  the  treatment 
subgroup,  with  no  counterbalancing  evidence  of  therapeutic  efficacy  overall; 
and  low-dose  estrogens  (2.5  mg  conjugated  equine  estrogens/day),  because  of 
evidence  described  under  Ma j or  Findings . 

As  a  result  of  the  current  intense  interest  in  antithrombogenic  agents 
in  the  treatment  of  atherosclerotic  coronary  artery  disease,  the  Coronary 
Drug  Project  is  studying  long-term  daily  acetylsalicylic  acid  (aspirin) 
therapy  in  suitable  candidates  originally  allocated  to  the  high-dose  estrogens 
and  dextrothyroxine  regimens.   The  trial  involves  random,  double-blind 
assignment  between  aspirin  (1.0  gram/day)  and  a  matching  placebo  tablet. 
Patient  enrollment  is  1,143  men,  so  that  the  power  of  the  study  is  limited 
to  the  detection  of  large  drug-placebo  differences  in  mortality.   The  Aspirin 
Study  is  scheduled  for  completion  in  spring,  1975. 

Major  Findings:   On  the  basis  of  recent  findings  in  the  Coronary  Drug 
Project,  certain  protocol  changes  are  being  implemented  in  this  therapeutic 
trial.   The  Data  and  Safety  Monitoring  Committee  of  the  Coronary  Drug  Project, 
composed  of  study  personnel  and  selected  outside  consultants,  undertakes 
regular  and  careful  analyses  of  current  data  to  detect  beneficial  or  poten- 
tially adverse  effects.   On  the  basis  of  the  latest  data,  representing 
average  patient  follow-up  of  56  months,  recommendations  for  protocol  changes 
were  made  by  this  group,  and  subsequently  adopted  by  the  Policy  Board.  These 
data  and  resultant  recommendations  were  also  received,  reviewed,  and  affirmed 
by  the  Steering  Committee  and  Technical  Group.   These  protocol  changes  in- 
volve patients  assigned  to  one  of  the  study  regimens . 
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Prescription  of  low-dose  estrogen  medication  is  being  terminated  in 
the  Coronary  Drug  Project.   The  group  of  patients  allocated  to  this  drug 
regimen,  numbering  1,101  men  at  entry,  are  to  be  followed  with  regular  clinic 
visits  according  to  study  protocol,  but  without  project  medication.   This 
action  is  recommended  because  low-dose  estrogen  therapy  has  failed  to  show 
efficacy  in  terms  of  coronary  artery  disease  mortality  and  morbidity  in  the 
Coronary  Drug  Project,  and  because  statistical  tests  indicate  a  change  in 
trend  indicative  of  therapeutic  benefit  in  this  treatment  group  is  highly 
unlikely.   There  are,  in  addition,  adverse  effects  in  the  form  of  possible 
increased  susceptibility  to  venous  thromboembolism  and  malignancy  in  the 
estrogen-treated  group. 

The  decision  for  this  protocol  change  indicates  the  concern  of  the 
Coronary  Drug  Project  to  minimize  the  risk  of  harm  to  study  patients .   A 
formal  report  of  these  data  is  to  be  published  in  a  medical  journal  as  soon 
as  possible. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
The  Coronary  Drug  Project  meets  a  specific  need  in  the  field  of  athero- 
sclerosis research.   Drugs  are  available  which  effectively  reduce  the  con- 
centration of  blood  cholesterol  and  other  lipids.   Although  elevated  levels 
of  these  lipids  are  closely  associated  with  the  occurrence  of  premature 
coronary  artery  disease,  there  is  no  established  evidence  that  active  inter- 
vention to  reduce  blood  lipids  will  improve  the  survival  rate  in  men  with 
documented  coronary  artery  disease.   The  Coronary  Drug  Project  is  also  provid- 
ing systematic  information  on  the  natural  history  of  post-infarction  coronary 
artery  disease . 

The  Coronary  Drug  Project  Aspirin  Study  is  investigating  the  effect 
of  alteration  of  platelet  function  in  patients  with  atherosclerotic  coronary 
artery  disease. 

Proposed  Course:   Following  enrollment  into  the  study,  each  patient 
is  followed  for  at  least  five  years.   Patients  in  the  Aspirin  Study  are 
followed  for  at  least  two  years. 
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Serial  No.  NHLI-CA-2 

1.   Associate  Director 
for  Clinical  Appli- 
cations <^-   Prevention 

2. 

3.   Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  197  2  through  June  30,  1973 


Publications ; 


Coronary  Drug  Project  Research  Group:   The  Prognostic  Importance 
of  the  Electrocardiogram  After  Myocardial  Infarction:   Experience 
in  the  Coronary  Drug  Project.   Annals  of  Internal  Medicine, 
27:677-689,  1972. 

Coronary  Drug  Project  Research  Oroup:   Prognostic  Importance  of 
Premature  Beats  Following  Myocardial  Infarction:   Experience  in 
the  Coronary  Drug  Project,  Journal  of  the  American  Medical  Association, 
223:1116-1124,  1973. 

Coronary  Drug  Project  Research  Group:  The  Coronary  Drug  Project. 
Design,  Methods,  and  Baseline  Results.  Circulation  (Supplement), 
1973. 
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OTHER  GRANT  SUPPORTED  COOPERATIVE  STUDIES 


Seven  additional  cooperative  studies  are  in  progress  under  grant  support. 
Dr.  Eleanor  Darby,  Scientist  Administrator,  has  direct  professional 
responsibility  for  these  projects  in  addition  to  the  Coronary  Drug  Project. 

Name  of  Study    Location-Coordinating  Cntr    #  of  Clinics  #  Grants  Active 

Natural  History   Harvard  School  of  Public 

of  Congenital      Health,  Boston  6  8 

Heart  Defects 


Aspirin  in 

Cerebral 

Ischemia 


University  of  Texas 
School  of  Medicine 
Houston,  Texas 


10 


11 


Cardiac  Function  Chicago  Health 

and  Prognosis  of  Research  Foundation 

Coronary  Disease 

Cooperative  Study  PHS  Hospital 
of  Renal  Disease   San  Francisco 
and  Hypertension 


Joint  Study  of 
Extracranial 
Arterial 
Occlusion 


University  of  Texas 
School  of  Medicine 
Houston,  Texas 


12 


Cooperative  Study  Presbyterian  St.  Lukes 
of  the  Results    Hospital,  Chicago 
of  Cardiac 
Surgery 


Cooperative  of 
Treatment  of 
Hypertension 


PHS  Hospital 
San  Francisco 
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PHS-NIH 
NATIONAL  HEART  AND  LUNG  INSTITUTE 
July  1,  1972  through  June  30,  1973 

FIELD  EPIDEMIOLOGY  RESEARCH  SECTION 

The  Field  Epidemiology  Research  Section  conducts  a  variety  of  epidem- 
iologic studies  of  cardiovascular  diseases  through  direct  operations  of  the 
professional  staff  and  through  the  issuance  of  research  contracts.   During 
the  current  fiscal  year  there  were  major  changes  in  the  staffing  of  the 
Section  and  expansion  of  its  research  programs.   Mr.  Eugene  Rogot,  statis- 
tician, Mr.  Charles  Sydenstricker,  programmer,  and  Mrs.  Adine  Laser  and 
Mrs.  Nancy  Walson,  statistical  clerks,  were  transferred  from  the  Biometrics 
Research  Branch  to  the  Field  Epidemiology  Research  Section  to  continue  sev- 
eral statistical  and  epidemiological  studies  of  cardiovascular  disease  in 
diverse  populations.   Dr.  A.  Richey  Sharrett  joined  the  Section  as  an  Epidem- 
iologist with  a  keen  interest  in  the  effects  of  water  constituents  uii  cardio- 
vascular mortality.   Mr.  Richard  Fabsitz  joined  the  staff  as  a  statistician 
to  assist  in  the  analyses  of  several  on-going  projects.  Mr.  Robert  J. 
Garrison,  statistician,  spent  the  year  doing  graduate  study  in  statistics 
and  genetics  at  the  University  of  Minnesota  under  PHS  sponsorship.   Mrs. 
Barbara  Kerr,  formerly  with  the  Bureau  of  Health  Manpower,  joined  the  staff 
as  Secretary  to  the  Chief  of  the  Epidemiology  Branch  and  Head  of  the  Field 
Epidemiology  Px.esearch  Section. 

Mr.  Charles  Sydenstricker  retired  in  May,  1973,  after  serving  with  the 
U.S.  Government  for  more  than  37  years.  Mrs.  Adine  Laser  retired  in  Jxme 
with  more  than  10  years  of  service  to  the  Federal  Government.   Dr.  Robert 
Brasch  completed  his  two  year  tour  as  a  medical  officer  in  the  Coiraiiissioned 
Corps  and  left  in  June,  1973,  to  enter  a  radiology  residency  at  the  Univer- 
sity of  California  Medical  Center. 

Dr.  Manning  Feinleib ,  Head  of  the  Field  Epidemiology  Research  Section 
and  Chief  of  the  Epidemiology  Branch,  received  the  1972  Mortimer  Spiegelman 
Gold  Medal  Award  from  the  Statistics  Section  of  the  American  Public  Health 
Association  for  his  contributions  to  the  use  of  statistical  methods  in  the 
health  field.   Dr.  Feinleib  was  also  elected  a  Fellow  of  the  American 
Public  Health  Association. 

The  research  activities  of  the  Section  include  studies  of  genetic 
influences  and  familial  aggregation  on  coronary  risk  factors,  surveys  of 
the  incidence  and  circumstances  surrounding  the  occurrence  of  cardiovascular 
events ,  analysis  of  mortality  patterns  in  cities  of  the  United  States  in 
relation  to  constituents  of  their  water  supplies,  studies  of  the  effects  of 
weather  on  cardiovascular  mortality,  continuation  of  the  Dom  study  on 
tobacco  and  health  in  a  large  sample  of  U.S.  Veterans,  and  a  study  of 
mortality  patterns  in  migrants  to  the  U.S.  from  Norway  and  Great  Britain. 
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The  NHLI  Twin  Study  has  completed  examinations  of  more  than  600  sets  of 
twins  in  six  areas  of  the  United  States:   Washington,  D.C.,  New  England, 
Indiana,  and  three  areas  in  California.   The  data  collected  by  means  of  the 
standardized  core  protocol  have  been  edited,  relatively  sophisticated 
analytic  techniques  have  been  developed,  and  analyses  will  proceed  during 
the  next  fiscal  year.   A  joint  meeting  of  the  collaborating  investigators 
was  held  in  San  Francisco  in  December,  1972,  to  agree  on  plans  for  the 
analyses  of  the  twin  data  and  publication  of  the  results.   It  was  also 
agreed  to  expand  the  study  in  two  centers,  Indiana  and  the  San  Francisco 
Bay  area,  to  include  examination  of  the  non-twin  siblings  of  the  twins 
already  examined,  to  permit  comparisons  of  intra-familial  sibling  variability 
with  intra-pair  twin  variability  to  further  examine  the  effects  of  environ- 
mental and  genetic  differences.   A  contract  was  issued  late  in  the  fiscal 
year  to  conduct  a  study  of  the  reasons  that  twins  agreed  or  did  not  agree 
to  participate  in  the  twin  examination.   This  study  will  be  conducted  by  a 
national  survey  group  experienced  in  motivational  techniques.   The  results 
will  be  useful  in  reducing  possible  biases  in  the  data  obtained  from  those 
who  volunteered  for  examination  and  will  enable  us  to  plan  more  efficient 
recruiting  techniques  in  the  future. 

The  Framingham  Offspring  Study  is  a  joint  effort  of  the  Field  Epidem- 
iology Research  Section  and  the  Framingham  Heart  Program  to  study  the  off- 
spring of  the  1,644  spouse  sets  that  were  part  of  the  original  Framingham 
cohort.   A  roster  of  the  approximately  4,000  offsprings  has  been  prepared 
and  more  than  2,200  of  these  children  have  undergone  examination  at  the 
Framingham  facilities.   Approximately  250  of  the  offspring  are  known  to  be 
dead  and  about  600  are  known  to  reside  outside  of  New  England  and  are 
probably  not  available  for  examination.   Of  the  3,330  offspring  who  have 
been  contacted  for  appointments  only  228  (6.8%)  have  refused  the  examina- 
tion.  This  study  will  permit  an  exploration  of  the  various  familial  and 
genetic  associations  between  parents  and  their  offspring  in  regard  to 
cardiovascular  risk  factors,  especially  those  relating  to  lipid  fractions, 
and  will  permit  a  comparison  of  secular  trends,  risk  factor  levels,  and 
cardiovascular  disease  prevelance  in  the  two  generations. 

The  Framingham  Cardiovascular  Disease  Survey  which  was  launched  in  June, 
1970,  has  completed  the  collection  of  data  on  all  patients  hospitalized  in 
the  town  of  Framingham  through  June,  1971.   During  the  current  fiscal  year 
an  intensive  search  of  all  admissions  to  all  other  hospitals  in  the  State 
of  Massachusetts  and  to  nursing  homes  in  the  Framingham  area  has  been 
completed  and  identified  approximately  50  cardiovascular  events  which 
occurred  among  Framingham  residents  but  which  were  treated  in  facilities 
outside  the  town  of  Framingham.   All  the  cases,  more  than  700,  underwent 
critical  review  in  a  manner  uniform  to  that  used  in  the  Framingham  Heart 
Program  to  enable  comparable  analysis  of  the  incidence  in  the  survey  year 
with  that  in  the  20  years  of  experience  of  the  Framingham  cohort.   The  data 
tape  was  coded  during  this  fiscal  year  and  analyses  will  proceed  during 
the  next  fiscal  year. 
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A  major  endeavor  of  the  Section  during  this  fiscal  year  was  the 
analysis  of  trends  in  mortality  rates  of  cities  of  the  United  States  in 
relation  to  the  constitutents  of  their  public  water  supplies.   Using  data 
from  diverse  sources  including  the  Census  Bureau,  National  Center  for  Health 
Statistics,  Division  of  Dental  Health  and  Water  Supply  Division  of  the 
Environmental  Protection  Agency,  mortality  ratios  standardized  for  age,  race 
and  sex  were  obtained  for  the  484  cities  of  the  Untied  States  which  had  pop- 
ulations of  25,000  or  more  in  1950.   Comparing  the  trends  in  mortality  of 
230  cities  which  had  introduced  artifical  fluoridation  since  1945  with  the 
trends  in  the  215  cities  that  did  not,  showed  no  adverse  effect  on  mortality 
due  to  artifical  fluoridation.   If  anything  those  cities  with  naturally  high 
fluoride  content  of  their  water  supplies  had  lower  mortality  rates  than  those 
with  naturally  low  fluorides.   Furthermore  those  cities  which  fluoridated 
early  (before  1951)  have  had  uniformly  lower  mortality  than  those  fluori- 
dating more  recently  or  those  not  fluoridating  at  all.   One  important 
exception  was  an  abnormally  high  mortality  rate  in  Newburgh,  New  York,  which 
fluoridated  in  1945.   Cities  which  fluoridated  at  about  the  same  time  as 
Newburgh  showed,  if  an thing,  relatively  low  mortality  rates  throughout  the 
20  year  period.   The  anomalous  finding  in  Newburgh  is  believed  due  to  the 
marked  change  in  the  population  of  the  city  with  an  influx  of  preponderantly 
lower  socio-economic  individuals  whose  excess  mortality  could  not  be  adjusted 
for  by  age  and  race  specific  rates.  More  detailed  analyses  of  the  mortality 
trends  will  continue  during  the  next  fiscal  year  with  an  effort  to  unravel 
other  factors  of  water  supplies  and  regional  characteristics  that  «ay 
influence  cardiovascular  and  total  mortality. 

Mr.  Rogot  has  been  continuing  his  studies  on  the  relationship  between 
mortality  rates  and  weather  conditions.   Computer  tapes  containing  daily 
weather  data  for  1962  to  1966  for  some  420  weather  stations  in  the  United 
States  as  well  as  computer  tapes  containing  mortality  data  for  the  same 
period  and  geographical  areas  have  been  obtained.   Tabulations  are  being 
prepared  for  32  standard  metropolitan  statistical  areas  to  assess  variation 
in  mortality  from  coronary  heart  disease  according  to  daily  average  temper- 
ature and  snow  fall.   These  analyses  will  extend  similar  studies  which  have 
been  completed  for  Memphis,  Tennessee,  Chicago,  Illinois,  and  New  York  City. 

The  analyses  of  the  study  of  cardiovascular  and  respiratory  disease 
among  British  and  Norwegian  migrants  to  the  United  States  is  continuing. 
The  data  collection  in  the  United  States  for  the  period  1963-67  has  been 
completed.  Data  collection  in  Britian  and  Norway  are  reaching  the  final 
phases.  It  is  anticipated  that  statistical  analysis  will  be  completed 
during  the  next  fiscal  year  and  a  final  report  will  be  submitted  for 
publication. 
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Mr.  Rogot  has  essentially  completed  the  analyses  of  the  16-year 
follow-up  on  the  study  of  the  relationship  of  the  use  of  tobacco  to  health 
which  utilized  the  experience  of  nearly  250,000  veterans  who  held  U.S. 
Government  life  insurance  policies  in  December  1953.   The  main  results  of 
the  16-year  follow-up  confirm  the  earlier  work  of  Dom  and  Kahn.   Cigarette 
smokers  experienced  by  far  the  highest  mortality  levels  followed  by  cigar 
smokers  and  then  pipe  smokers.   Persons  smoking  more  than  one  form  of 
tobacco  had  risks  intermediate  to  those  of  the  separate  forms  of  tobacco. 
Ex-cigarette  smokers  who  stopped  smoking  for  reasons  other  than  doctors' 
orders  had  risks  some  where  between  current  cigarette  smokers  and  non- 
smokers  with  the  mortality  level  depending  largely  on  the  time  discontinued. 
Many  groups  of  former  cigarette  smokers  demonstrated  mortality  risks  at  or 
close  to  the  non-smoker  levels  by  the  end  of  the  study  period. 
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Serial  No.  NHLI-FERS-1 

1.  Epidemiology  Branch,  NHLI 

2.  Field  Epidemiology  Research 
Section 

3.  Bethesda,  Maryland 

PHS~NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   A  Twin  Studj--  of  Genetic  Factors  in  Cardiovascular  Diseases 

Previous  Serial  Number:   NHLI-FERS-1 

Principal  Investigator:  Manning  Feinleib ,  M.D. 

Other  Investigators:   Robert  J.  Garrison,  M.S. 

Nemat  0.  Borhani,  M.D. 
Ray  Rosenman,  M.D. 
Joe  C.  Christian,  M.D. 
J.  Theodore  Schwartz,  M.D. 
Jeanne  Tillotson,  M.A. 
Marthana  Hjortland,  Dr.P.H. 
Richard  Fabsitz,  M.A. 

Cooperating  Units :   Section  on  Ophthalmic  Field  and  Developmental 

Research,  NEI 
NAS-NRC  Twin  Registry 

Man  Years  (NHLI  only) 

Total:  .9 

Professional:    .7 
Other:  .2 

Project  Description: 

Objective:   To  evaluate  the  relative  contribution  of  environmental  and 
genetic  factors  to  the  development  of  cardiovascular  diseases  (CVD)  and  to 
the-  levels  of  risk  factors  associated  with  CVD. 

Methods  Employed:   600  pairs  of  male  twins  aged  42-55  have  been 
examined  according  to  a  standard  protocol  in  6  areas  of  the  United  States. 
Data  have  been  gathered  about  past  environmental,  family,  and  medical 
history  and  measurements  of  physiological  variables  including  lipoprotein 
determinations  have  been  obtained.   The  data  will  be  analyzed  by  correlation 
methods  and  analyses  of  variance  techniques.   During  this  fiscal  year,  100 
sets  of  twins  residing  in  Southern  California  were  examined  through  contracts 
with  Mt.  Zion  Hospital  and  University  of  California  at  Davis  with  a  sub- 
contract to  the  Rancho  Los  Amigos  Hospital  in  Los  Angeles  and  70  sets  of 
twins  from  Indiana  were  examined  through  a  contract  with  the  University  of 
Indiana  as  follows : 
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Serial  No.  NHLI-FERS-1 

1.  Epidemiology  Branch,  NHLI 

2.  Field  Epidemiology  Research 
Section 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

NHLI  San  Francisco  Area  Twin  Study 

Principal  Investigator:   Ray  H.  Rosenman,  M.D. 
Contract  Amount:         $11,180 

NHLI  Sacramento/Davis  Area  Twin  Study 

Principal  Investigator;   Nemat  0.  Borhani,  M.D. 
Contract  Amount:         $6,321 

NHLI  Los  Angeles  Area  Twin  Study 

Principal  Investigatoi's :  Nemat  0.  Borhani,  M.D. 

Ronald  Selvester,  M.D. 
Subcontract  Amount:       $33,600 

NHLI  Midwest  Area  Twin  Study 

Principal  Investigator:    Joe  C.  Christian,  M.D. 
Contract  Amount:  $45,391 

Major  Findings:   Preliminary  results  to  date  indicate  major  genetic 
determinants  of  the  observed  variability  in  height,  weight,  and  serum 
cholesterol  levels,  moderate  genetic  effects  on  blood  pressure,  and 
virtually  no  genetic  component  for  the  variability  in  serum  triglycerides. 
Analysis  of  the  dietary  records  of  the  twins  in  New  England  and  Washington, 
D.C.  area  suggest  that  several  components  of  the  dietary  intake  may  be  in 
part  genetically  determined. 

Publications: 

Schwartz,  J.T.,  Reuling,  F.H.,  Feinleib ,  M.  ,  Garrison,  R.J. ,  and 
Collie,  D.J.:  Twin  heritability  study  of  the  effect  of  corticosteroids 
on  intraocular  pressure.   J.  Med.  Genet.   9:137-143,  1972. 

Schwartz,  J.T.,  Reuling,  F.H. ,  Feinleib,  M. ,  Garrison,  R.J.  and 
Collie,  D.J. :  Twin  heritability  study  of  the  corticosteroid  response 
Tr.  Am.  Acad.  Opth.  &  Otol.   77:126-136,  1973. 

Hjortland,  M.C.:  The  effects  of  heredity  and  environment  on  nutrient 
intake  of  adult  monozygotic  and  dizygotic  twins.   Doctoral  thesis. 
University  of  Minnesota,  July,  1972. 

Schwartz,  J.T.  &  Feinleib,  M. :  The  twin  heritability  study.   Genetic 
Studies  in  Ophthalmology.   In  press. 
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Serial  No.  NHLI-FERS-1 

1.  Epidemiology  Branch,  NHLI 

2.  Field  Epidemiology  Research 
Section 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Christian,  J.C,  Kang,  K.W.  ,  &  Norton,  J. A.:   Choice  of  an 
estimate  of  genetic  variance  from  twin  data.   Am.  J.  Hiim.  Genet. 
In  press. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Despite  a  growing  awareness  of  the  importance  of  genetic  factors  in  CVD 
there  have  been  relatively  few  studies  in  this  area.   It  is  recognized  that 
twin  studies  are  potentially  the  most  powerful  available  for  studying 
genetic  factors  in  human  disease.   The  present  study  takes  advantage  of  the 
largest  population  of  male  twins  yet  assembled  to  study  this  important 
question  in  relation  to  cardiovascular  diseases. 

Proposed  Course  of  Project;   Data  tapes  have  been  prepared  for  the 
600  sets  of  twins  examined  to  date.   Editing  of  the  tapes  is  proceeding 
and  analyses  will  be  preformed  during  the  next  fiscal  year  with  pub- 
lication of  the  results  to  follow.   Two  of  the  centers,  Mt.  Zion  and 
Indiana  University  will  also  embark  on  a  study  of  singleton  siblings 
of  the  twins  already  examined.   This  will  permit  a  comparison  of  intra- 
familial  sibling  variability  with  intra-pair  twin  variability  to  further 
unravel  environmental  from  genetic  influences.   Also  during  the  next 
fiscal  year,  a  contract  will  be  awarded  to  evaluate  the  reasons  for 
non-response  among  those  twins  who  refused  participation.   This  will  be 
done  by  a  national  survey  firm  experienced  in  motivational  studies.   The 
results  will  permit  more  meaningful  analysis  of  the  available  data  and 
assist  in  planning  future  studies. 
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Serial  No.  NHLI-FERS-2 

1.  Epidemiology  Branch,  NHLI 

2.  Field  Epidemiology  Research 
Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1972  through  June  30,  1973 

Project  Title:   Framingham  Offspring  Study 

Previous  Serial  Number:   NHLI-FERS-5 

Principal  Investigator:   Manning  Feinleib ,  M.D. 

Other  Investigators:   William  P.  Castelli,  M.D. 

Patricia  M.  McNamara 
Robert  J.  Garrison,  M.S. 
William  B.  Kannel,  M.D, 

Cooperating  Units :   Framingham  Heart  Study 

Framingham  Union  Hospital 

Man  Years  (FERS  only) 

Total:  0.6 
Professional:  0.4 
Other:         0.2 

Project  Description: 

Objective:   To  study  the  familial  aggregation  of  cardiovascular 
risk  factors  and  the  occurrence  of  CVD  in  the  offspring  of  the  1644 
spouse  pairs  who  were  included  in  the  original  Framingham  cohort  and 
to  elucidate  secular  trends  in  risk  factor  levels  and  disease  incidence. 

Methods  Employed;   Among  the  5,209  subjects  in  the  original 
Framingham  cohort  established  in  1948-52,  there  were  1,644  spouse  pairs 
(3,788  individuals)  who  had  approximately  4,000  children  who  were  too 
young  to  be  included  in  the  original  cohort.   A  roster  of  these  offspring 
has  been  prepared  and  the  children  are  being  invited  to  undergo  the  same 
examination  that  their  parents  have  had  at  each  of  their  biennial  exam- 
inations.  The  Framingham  Heart  Study  staff  performs  these  examinations  as 
described  in  the  reports  of  that  section.   Supporting  laboratory  and 
technical  services  are  provided  by  the  Framingham  Union  Hospital  under 
a  contract  as  follows : 

Contract  Number:    NIH-70-2243 

Program  Director:    Liike  Tedeschi,  M.D. 

Contract  Amount:    $109,553  j 
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Serial  No.  NHLI-FERS-2 

1.  Epxdamr  olog]/  Branch,  NHLI 

2 .  Field  Epidemiology  Research 
Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1972  through  June  30,  1973 

Major  Findings:   No  substantive  results  are  available  as  yet  but  the 
feasibility  of  the  study  has  been  established.   Over  95%  of  the  spouse 
pairs  have  been  contacted  and  the  names  and  addresses  of  their  offspring 
have  been  obtained.   Approximately  1,200  of  these  offspring  have  been 
examined  during  the  present  fiscal  year,  bringing  the  total  examined  to 
2,200.   In  constructing  the  loster  and  inviting  the  cooperation  of  the 
offspring  it  has  been  found  that  approximately  two-thirds  of  the  offspring 
of  these  parents  who  have  taken  the  most  recent  Framingham  examinations 
still  resided  in  the  Framingham  area  and  their  cooperation  has  been 
enthusiastic.   Approximately  90%  of  the  families  have  at  least  one  off- 
spring in  the  Framingham  area.   On  the  other  hand,  those  spouses  who  have 
not  been  examined  recently  due  to  deaths  or  migration  from  Framingham,  tend 
to  have  few  of  their  children  residing  in  the  Framingham  area  at  present. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
This  study  has  the  unique  feature  of  permitting  comparisons  of  two  genera- 
tions of  individuals  who  have  been  examined  by  uniform  procedures  and  in 
whom  the  younger  generation  is  being  examined  at  about  the  same  ages  as 
their  parents  were  when  first  examined.   The  secular  trends  in  cardio- 
vascular risk  factors  and  incidence  which  have  been  established  during 
24  years  of  observation  on  the  parents'  generation  will  be  continued  to  be 
studied  with  their  offspring.   The  familial  aggregation  of  the  risk  factors 
will  be  intensively  investigated  and  sources  of  individual  variation  will 
be  further  elucidated. 

Proposed  Course  of  Project;   Completion  of  the  offspring  roster  and 
examinations  at  the  Framingham  Heart  Study  facilities  will  continue  during 
the  next  fiscal  year.   The  roster  has  been  entered  on  computer  tapes  and 
the  completed  examinations  are  being  edited  and  processed  on  a  concurrent 
basis.   The  spouses  of  the  offspring  will  also  be  examined  during  the 
next  fiscal  year  in  order  to  permit  estimation  of  current  degrees  of 
assortative  mating  in  this  population. 
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Project  Title:   Framingham  Cardiovascular  Disease  Survey 

Previous  Serial  Number:  NHLI-FERS-3 

Principal  Investigator:   Manning  Feinleib ,  M.D. 

Other  Investigators:   Robert  C.  Brasch,  M.D. 

James  Margolis ,  M.D. 
Richard  Fabsitz,  M.A. 
William  B.  Kannel,  M.D. 

Cooperating  Units :   Framingham  Heart  Study 

Man  Years : 

Total  1.3 

Professional:    1.2 
Other:  .1 

Project  Description: 

Objective:   This  study  is  a  twelve  month  mortality  and  morbidity 
survey  of  the  town  of  Framingham,  Massachusetts,  to  determine  all  new 
episodes  of  cardiovascular  disease  in  this  defined  population.   The 
estimates  of  incidence  and  mortality  of  CVD  obtained  from  this  "cross- 
sectional"  survey  will  be  compared  with  the  rates  obtained  from  the  longi- 
tudinal data  from  the  Framingham  Heart  Study  which  has  followed  a  sub- 
segment  of  the  town  of  Framingham  for  the  last  20  years.   As  part  of  the 
documentation  of  each  new  event  details  are  obtained  about  prodromal  and 
precipitating  factors  in  cardiovascular  disease  as  well  as  the  resources 
used  by  the  patients  to  obtain  medical  care. 

Methods  Employed:   Data  on  mortality  and  morbidity  are  obtained  from 
three  sources:   (1)  death  certificate  records,  (2)  surveillance  of  local 
hospitals  and  nursing  homes  and  the  major  hospitals  in  surrounding  communi- 
ties and  (3)  periodic  survey  of  all  physicians  in  the  community.   Data  on 
the  prodromal  cause  and  confirmation  of  the  nature  of  the  event  are  obtained 
from  two  further  sources:   (1)  personal  interview  and  examining  of  surviving 
patients,  and  (2)  interview  of  spouse,  other  relatives  or  friends  of  the 
CVD  patients. 
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Major  Findings;   Preliminary  results  indicate  that  the  incidence  of 
major  cardiovascular  events  in  the  total  commxmity  is  similar  to  that 
obtained  in  the  longitudinal  study.   "Softer"  endpoints  such  as  angina 
pectoris  and  congestive  failure  have  yielded  different  rates,  AP  is 
reported  less  frequently  by  the  practicing  physicians  while  CHF  is 
diagnosed  more  often  than  was  predicted.   It  was  further  found  that  the 
major  source  of  delay  in  obtaining  care  for  acute  coronary  events  was  due 
to  patient  indecision. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
Cardiovascular  diseases  are  by  far  the  leading  causes  of  morbidity  and 
mortality  among  adult  men  and  women  in  the  United  States.   Despite  the 
vast  importance  of  these  diseases  it  has  been  difficult  to  obtain  accurate 
estimates  of  their  total  impact.   This  is  due  to  the  fact  that  the 
recognition  and  reporting  of  cardiovascular  diseases  are  highly  sensitive 
to  the  survey  methods  used,  the  criteria  of  definition  of  disease,  the 
level  of  medical  care  in  the  community,  and  the  health  consciousness  of 
the  population.   In  the  past  two  decades  there  have  been  several  cross- 
sectional  studies  of  cardiovascular  disease  in  defined  communities  as  well 
as  several  prospective  studies  following  samples  of  the  population.   Not 
surprisingly  these  have  resulted  in  widely  varying  estimates  of  the  in- 
cidence and  mortality  from  these  diseases.   Since  each  of  these  studies 
was  done  by  different  investigators  using  somewhat  different  techniques 
and  criteria  for  definition  it  is  difficult  to  assess  to  what  extent  the 
differences  in  rates  are  due  to  the  methodology  of  studying  the  diseases 
or  are  due  to  real  differences  in  the  rates  within  the  defined  populations. 
One  way  to  avoid  this  difficulty  is  to  do  a  study  in  a  definited  popula- 
tion by  two  different  techniques  using  comparable  methods  and  criteria. 
This  is  the  study  which  is  being  conducted  in  the  Framingham  area. 

Proposed  Course  of  Project;   The  survey  was  laimced  in  June,  1970. 
Through  June,  1971,  there  were  237  cardiovascular  episodes  reported.   During 
the  current  year,  additional  hospitals  in  Massachusetts  and  all  nursing 
homes  in  the  Framingham  area  were  contacted  and  their  records  reviewed  for 
eligible  survey  patients.   Most  of  these  reviews  were  facilitated  by  the 
availability  of  computerized  files  at  most  of  the  institutions,  but  many 
required  hand  searches.   An  additional  50  possible  cases  were  picked  up 
by  this  effort.   A  standardized  review  of  all  eligible  patients  has  been 
completed.   Data  has  been  coded  and  placed  on  computer  tape.   Data  analysis 
will  follow  with  submission  of  findings  for  publication. 
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Project  Title:   Public  Water  Supplies  and  Mortality  in  U.S.  Cities 

Previous  Serial  Number:   None 

Principal  Investigator:   Manning  Feinleib ,  M.D. ,  Dr.P.H. 

Other  Investigators:  A.  Richey  Sharrett,  M.D. 

Richard  Fabsitz 
Eugene  Rogot 

Cooperating  Units:   Bureau  of  Health  Manpower  Education,  Division 

of  Dental  Health 
Environmental  Protection  Agency,  Water  Supply  Division 


Years : 

Total 

2.8 

Professional: 

1.9 

Other: 

.9 

Project  Description: 

Objective:   To  investigate  the  relationship  between  various  chemical 
properties  of  finished  water  supplied  to  U.S.  Cities  with  over  25,000 
population  and  age,  race,  and  sex  adjusted  mortality  in  these  cities  in 
the  1950,  1960  and  1970  pericensal  periods.   Major  interest  will  center 
on  artificially  introduced  and  naturally  occuring  fluoride  and  on  water 
hardness  and  its  associated  bulk  elements.   Available  data  on  trace 
element  constituents  will  be  analyzed.   Secular  trends  in  mortality  will 
be  studied  in  relation  to  date  of  artificial  fluoridation  and  other 
changes  in  the  chemical  coBqjosition  of  municipal  water  supplies.   The 
confounding  effects  of  population  size  and  density,  geographic  region 
and  climate,  and  socio-economic  variables  will  be  studied. 
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Methods  Employed;   The  cities  under  study  are  the  484  cities  which 
had  attained  a  population  of  25,000  by  1950  census.   The  number  of  deaths 
in  each  city  due  to  cardiovascular  diseases,  diseases  of  the  heart,  non- 
cardiovascular  diseases,  cancer,  and  all  causes  occurring  in  the  three 
year  periods  around  the  1950,  1960  and  1970  censuses  were  obtained  from 
U.S.  Vital  Statistics  reports.   Indirect  adjustment  for  age,  race  and 
sex  was  achieved  with  standard  mortality  ratios.   Data  on  fluoridation 
and  natural  fluoride  content  of  municipal  water  supplies  is  being  obtained 
with  the  assistance  of  the  Division  of  Dental  Health  of  the  Bureau  of 
Health  Manpower  Education.   Other  water  quality  data  are  being  supplied 
by  the  Water  Supply  Division  of  the  EPA. 

jMajor  Findings:   Analyses  of  trends  in  total  mortality  and  cause- 
specific  mortality  for  the  230  cities  which  introduced  artificial 
fluoridation  since  1945  in  comparison  with  the  215  that  did  not  showed 
no  adverse  effect  on  mortality  due  to  fluoridation.   If  anything,  those 
cities  with  naturally  high  fluoride  content  of  their  water  supplies  had 
lower  mortality  rates  than  those  with  naturally  low  fluoride.   Furthermore, 
those  cities  which  fluoridated  early  (before  1951)  have  had  uniformly 
lower  mortality  than  those  fluoridating  more  recently  or  those  not 
fluoridating  at  all.   One  important  exception  was  an  abnormally  high 
mortality  rate  in  Newburgh,  New  York,  which  has  been  evident  for  two 
decades.   Cities  which  fluoridated  at  the  same  time  as  Newburgh  showed,  if 
anything,  relatively  low  mortality  rates.   The  anomalous  finding  in  Newburgh 
is  believed  due  to  a  marked  change  ia  the  population  of  the  city  with  an 
influx  of  preponderantly  lower  socio-economic  individuals  whose  excess 
mortality  could  not  be  adjusted  for  by  the  age  and  race  specific  rates. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Despite  the  fact  that  most  U.S.  cities  with  populations  over  25,000  have 
fluoridated  in  the  last  twenty  years,  the  procedure  remains  controversial 
in  the  public  mind,  as  recent  referenda  have  indicated.   The  importance  of 
fluoridation  as  a  public  health  measure  and  the  substantial  variability  in 
mortality  rates  among  American  Cities  indicate  the  inadequacy  of  a  study 
design  involving  a  small  number  of  matched  comparison  cities.   The 
hypothesis  that  factors  associated  with  water  hardness  may  account  for  much 
of  the  regional  variation  in  cardiovascular  mortality  in  Western  countries 
also  deserves  an  adequate  test  involving  multiple  public  water  systems, 
particularly  since  water  hardness  itself  has  a  marked  regional  pattern. 
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The  association  of  natural  fluorides  with  hard  water  is  one  such  confound- 
ing factor  to  be  analysed  in  a  nationwide  study  where  effects  can  be 
measured  in  a  broad  range  of  geographic  settings.   Cities  are  the  popula- 
tion of  choice  because  public  water  supply  boundaries  correspond  more  to 
city  limits  than  to  the  borders  of  any  other  demographic  unit  for  which 
mortality  data  are  available.   The  discovery  of  cardiovascular  factors 
associated  with  public  water  supplies  is  particularly  important  because, 
as  the  national  fluoridation  effort  has  shown,  public  water  is  readily 
accessible  to  potential  public  health  measures. 

Proposed  Course  of  Project;  Mortality  ratios  have  been  calculated 
for  the  cities  and  will  be  updated  for  the  1970  pericensal  period  as 
current  data  come  available.   Fluoridation  status  of  the  cities  has  been 
determined,  but  data  on  other  water  consitutents  must  be  gathered  from 
local  juristictions ,  and  this  will  be  completed  during  the  next  year. 
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Project  Title:   Relationship  of  the  Use  of  Tobacco  to  Health 

Previous  Serial  Number:  NHLI-BRB-6 

Principal  Investigator:   Eugene  Rogot 

Other  Investigators:   Charles  Sydenstricker 

Cooperating  Units :   Department  of  Data  Processing  and  the  Veterans 

Benefit  Office,  Veterans  Administration 

Man  Years : 

Total:  1.1 

Professional:     1.0 
Other:  .1 

Project  Description: 

Objectives ;   To  evaluate  the  relation  of  tobacco  usage  to  subsequent 
mortality. 

Methods  Employed:   Information  concerning  residence,  occupation,  and 
the  use  of  tobacco  has  been  collected  from  about  248,000  persons  out  of  a 
total  of  294,000  persons  who  held  U.S.  Government  Life  Insurance  policies 
in  December,  1953.   As  each  person  included  in  the  study  terminated  a 
policy,  the  procedure  was  for  the  Biometrics  Research  Branch  to  be 
notified  by  the  Veterans  Administration.   If  the  policy  terminated  as  a 
result  of  death,  the  death  certificate  was  to  be  obtained.   If  the  policy 
terminated  for  reasons  other  than  death  the  VA  was  to  be  queried  periodical- 
ly for  advice  as  to  whether  the  individual  was  still  living. 

The  study  ended  with  data  for  the  year  1969  making  for  a  follow-up 
period  of  16  years,  from  1-1-54  through  12-31-69. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
This  study  continues  to  be  one  of  the  fundamental  sources  for  information 
about  smoking  and  health. 
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Maj or  Findings :   The  statistical  analysis  was  confined  to  deaths 
from  all  causes .   The  main  results  of  the  16-year  follow-up  confirm  the 
earlier  work  of  Corn  and  Kahn.   Cigarette  smokers  experienced  by  far  the 
highest  mortality  levels  followed  by  cigar  smokers  and  then  pipe  smokers. 
Persons  smoking  more  than  1  form  of  tobacco  had  risks  intermediate  to  those 
of  the  separate  forms  of  tobacco.   Ex-cigarette  smokers,  who  stopped 
smoking  for  other  than  Dr's  orders,  had  risks  somewhere  between  current 
cigarette  smokers  and  nonsmokers  with  the  mortality  level  depending  largely 
on  the  time  discontinued.   Many  groups  of  former  cigarette  smokers 
demonstrated  annual  risks  at  or  close  to  the  nonsmoker  levels  by  the  end 
of  the  study  period;  for  others,  some  excess  risk  remained  at  the  end  of 
the  study  period. 

Proposed  'Course :   A  manuscript  has  been  prepared  and  will  be  submitted 
for  publication  to  an  appropriate  journal. 
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Project  Title:   A  study  of  cardiovascular  mortality  and  weather  in 
New  York  City  for  1967 

Previous  Serial  Number:  NHLI-BRB-12 

Principal  Investigator:   Eugene  Rogot 

Other  Investigator:   Charles  E.  Sydenstricker 

Man  Years : 

Total:  1.65 

Professional:    .15 
Other:  1.5 

Project  Description: 

Objectives :   To  study  the  relation  of  a  number  of  climatological 
factors  to  mortality  from  cardiovascular  disease,  respiratory  disease  and 
other  diseases.   In  particular,  to  examine  the  association  between  coronary 
deaths  and  snowfall. 

Methods  Employed:   Reels  of  microfilm  of  death  certificates  for  1967 
in  New  York  City  have  been  made  available  for  use  in  the  British-Norwegian 
migrant  study.   With  the  use  of  microfilm  viewers,  information  is  being 
coded  for  each  death.   There  were  a  total  of  87,606  deaths.   The  information 
collected  includes  place  of  death,,  (hospital  or  other)  age  at  death,  race, 
sex,  month,  day  and  hour  of  death,  and  the  underlying  cause  of  death.   In 
addition,  daily  climatological  data  for  New  York  City  have  been  obtained 
for  1967  for  maximum,  minimum,  and  average  temperature;  total  precipitation; 
snowfall  and  sleet;  average  and  fastest  wind  speed;  average  barometric 
pressure,  average  dew  point,  relative  humidity  values  and  other  variables. 

Tabulations  will  be  prepared  to  show  variation  of  mortality  from 
selected  causes  according  to  climatological  variables,  with  deaths 
categorized  by  age,  sex,  and  race.   An  attempt  will  be  made  to  study  the 
interrelations  of  variables  by  means  of  multivariate  regression  techniques. 

Major  Findings :  None.  Data  processing  has  not  been  completed. 
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Significance  to  Bio-Medical  P^esearch  and  the  Program  of  the  Institutes: 
A  study  of  seasonal  mortality  patterns  in  New  York  City  should  be  valuable 
in  determining  the  generality  of  some  of  the  new  relationships  brought  out 
in  the  Chicago  study.   Further  study  of  the  association  between  coronary 
deaths  and  snowfall  seems  especially  indicated. 

Proposed  Course;   It  is  anticipated  that  the  data  processing  and 
statistical  analysis  will  be  completed  within  the  next  year  and  the 
results  prepared  for  publication. 
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Cardiovascular  and  Respiratory  Disease  Among  British 
and  Norwegian  Migrants  in  the  United  States 


Previous  Serial  Number:  NHLI-BRB-2 


Principal  Investigator: 


Cooperating  Units ; 


Professor  Donald  D.  Reid,  London  School  of 
Hygiene  and  Tropical  Medicine 


Other  Investigators; 


Eugene  Rogot,  NHLI;  Charles  E.  Sydenstricker,  NHLI; 
Jerome  Cornfield,  George  Washington  University, 
William  Haenszel,  NCI;  Dr.  Peter  Lambert,  London 
School  of  Hygiene  and  Tropical  Medicine; 
Dr.  Einar  Pedersen,  Dr.  Tjorbom  Mork,  Norwegian 
Cancer  Registry 

Bureau  of  the  Census;  Department  of  Commerce; 
National  Cancer  Institute;  National  Center  for 
Health  Statistics;  George  Washington  Univ.;  London 
School  of  Hygiene  and  Tropical  Medicine,  General 
Register  Office,  England,  Wales,  and  Scotland; 
Norwegian  Cancer  Registry;  Central  Bureau  of  Statistics, 
Norway. 


Man  Years: 


Total: 

Professional; 

Other: 


.2 
.2 


Project  Description: 

Objectives :   To  determine  morbidity  and  mortality  from  chronic  respira- 
tory and  cardiovascular  diseases  among  British  and  Norwegian  migrants  in  the 
United  States  and  to  compare  this  with  corresponding  data  for  native  bom 
residents  of  Great  Britain,  Norway  and  the  United  States.   This  is  part  of 
an  investigation  to  determine  reasons  for  the  difference  in  the  incidence 
of  these  diseases  in  the  three  countries. 
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Methods  Employed:   Information  on  morbidity  from  cardiovascular  and 
chronic  respiratory  diseases,  residence  history,  occupation,  use  of 
tobacco,  and  other  environmental  variables  has  been  collected  by  two- 
stage  mail  questionnaires  (a  health  screen,  and  a  detailed  health  query) 
from  a  sample  of  50,000  British  and  Norwegian  migrants  in  the  United  States 
and  from  a  sample  of  20,000  U.S.  native  bom.   Death  certificates  for  all 
deaths  of  British-bom  persons  in  1963-66  in  the  twelve  states  sampled  for 
the  morbidity  survey,  and  for  a  2%  sample  of  deaths  of  the  native  bom  in 
1963-64  have  been  secured  from  the  National  Vital  Statistics  Division. 
Personal  and  environmental  data  about  the  deceased  have  been  obtained  by 
mall  questionnaire  from  the  informant  listed  on  the  death  certificate; 
diagnostic  data  and  the  nature  of  evidence  supporting  them  have  been 
obtained  from  the  medical  certifier  of  the  death. 

Corresponding  morbidity  studies  in  Great  Britain  and  Norway  have  been 
carried  out  on  the  siblings  of  the  migrants  and  on  representative  samples 
of  the  resident  native  population.   A  sample  of  death  certificates  in  Great 
Britain  has  been  secured  and  questionnaires  have  been  sent  to  a  subsample 
of  medical  certifiers. 

Since  much  of  the  information  collected  in  the  mortality  phase  is 
similar  to  that  obtained  in  the  morbidity  phase,  death  rates  are  being 
analyzed  with  respect  to  a  number  of  factors.   In  this  way,  deaths  in  the 
entire  migrant  population  rather  than  only  those  of  persons  included  in  the 
morbidity  sample  are  being  used.   This  method  of  analysis  is  being  carried 
out  for  1963  and  1964  deaths  for  the  British  and  for  1963-66  deaths  for 
the  Norwegians  and  will  include  about  13,000  British,  6,700  Norwegians 
and  15,000  native-bom  deaths. 

A  much  more  detailed  mortality  analysis  is  underway  for  the  migrant 
groups.   Under  this  plan,  persons  queried  in  1962  are  considered  as  cohorts 
who  may  be  followed  for  X  years  with  survivorship  experience  to  be  measured. 
Since  detailed  information  is  available  on  cardiorespiratory  symptoms, 
smoking,  occupation,  income,  age  at  migration  and  many  other  factors  from 
the  morbidity  survey  in  1962  ,  cohorts  may  be  distinguished  on  the  basis  of 
these  characteristics  and  analyzed  in  a  prospective  fashion.   With 
sufficient  numbers  of  deaths  the  cohort  study  will  prove  especially 
valuable  in  furnishing  data  on  probabilities  of  death  by  cause  for  the 
migrant  groups.   It  is  now  planned  to  collect  copies  of  death  certificates 
for  the  migrants  for  a  5-year  period.   These  will  be  matched  against  the 
morbidity  survey  listings. 
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Major  Findings:   PreliLiinary  findings  of  the  morbidity  survey  of 
British  acd  Norwegian  migrants  to  the  U.S.  and  U.S.  natives  were  pub- 
lished earlier  (NCI  Monograph  No.  19,  January  1966).   These  included 
(1)  prevalence  of  symptoms  of  chronic  respiratory  disease  which  is  no 
higher  among  British  migrants  than  among  U.S.  natives,  in  contrast  with 
the  much  higher  prevalence  in  Britain;  and  (2)  prevalence  of  symptoms  of 
angina  and  myocardial  infarction  which  is  lower  among  British  migrants 
than  among  U.S.  natives,  in  accord  with  mortality  differentials  between 
the  two  countries . 

In  Britain,  selected  findings  of  their  morbidity  survey  have  now 
been  published  (Lambert,  P.M.  and  Reid,  D.D.:  Bronchitis  in  Britain: 
smoking  and  air  pollution.   Lancet,  1970).   The  results  were  summarized 
as  follows : 

A  postal  survey  of  the  prevalence  of  respiratory  symptoms  has  been 
carried  out  in  a  large  sample  of  the  British  population.   Analysis  of  the 
9,975  replies  from  men  and  women  aged  between  35  and  69  (74  percent  of 
these  presumed  able  to  reply)  showed  satisfactory  agreement  with  census  and 
other  data. 

Increasing  prevalence  with  aging  and  cigarette  constmiption  has  been 
confirmed.   A  male  excess  is  seen  among  non-smokers  as  well  as  smokers. 
Urban-rural  gradients  are  not  explained  by  smoking  differences  alone. 
Symptoms  prevalence  rates  rise  with  increasing  levels  of  air  pollution 
independently  of  cigarette  consumption.   Without  cigarette  smoking,  local 
pollution  seems  to  have  little  effect.   In  smokers,  however,  high  levels 
of  pollution  are  associated  with  more  frequent  respiratory  symptoms.   The 
frequency  of  more  serious  bronchitis  increases  most  steeply  with  age  among 
smokers  in  the  more  polluted  districts. 

in  Norway,  information  on  respiratory  symptoms  was  collected  by  mail 
from  a  general  population  sample  aged  35-74  and  sibs  of  migrants  to  the 
United  States.   The  2  groups  yielded  similar  findings  and  were  combined 
for  analysis.   An  excess  sjrmptom  prevalence  among  smokers  rising  with 
amount  smoked,  similar  to  findings  from  other  countries,  was  noted.   Some 
regional  variation  not  accompanied  by  important  urban-rural  differences 
in  symptom  prevalence  was  observed.  Urban  residence  and  a  high  rate  of 
tobacco  use  did  not  interact  to  produce  prevalence  rates  greater  than 
expected  from  the  separate  contributions  of  these  2  factors.  The  consistency 
of  the  sjrmptom  prevalence  information  with  Norwegian  mortality  data  for 
respiratory  diseases  was  noted. 
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In  the  U.S.,  findings  related  to  the  success  of  the  morbidity  question- 
naire as  an  instrument  in  predicting  death  from  cardiorespiratory  disease 
have  been  published  (Krueger,  D.E. ,  Rogot,  E. ,  Blackwelder,  W.C.,  and  Reid, 
D.D, :  The  predictive  value  of  a  postal  questionnaire  on  cardiorespiratory 
symptoms.  J.  Chronic  Pis.   23:411-421,  1970).   These  results  were  summarized 
as  follows : 

A  two-year  follow-up  has  been  carried  out  on  1,201  deaths  occurring 
among  38,249  British  and  Norwegian  male  and  female  migrants  living  in  the 
United  States  who  answered  a  postal  questionnaire  on  cardiac  and  respiratory 
symptoms.   Supplementary  data  were  obtained  from  the  physicians  certifying 
death  or  from  other  sources.   Those  answering  positively  to  questions  used 
to  define  syndromes  of  'angina,'  'possible  infarction,'  'persistent  cough 
and  phlegm'  and  'chronic  bronchitis,'  were  found  to  have  higher  risks  of 
death  in  the  2-year  period  than  those  answering  negatively;  and  the  excess 
came  largely  from  coronary  heart  disease  in  those  defined  as  having  either 
cardiovascular  syndrome  and  from  chronic  non-specific  lung  disease  in 
those  with  respiratory  S3nnptoms.   The  potential  of  this  novel  method  of 
establishing  relative  prevalence  of  cardiorespiratory  disease  in  different 
populations  is  discussed. 

Work  continues  in  the  U.S.,  Britain  and  Norway  on  the  analysis  of 
mortality  data. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
Data  on  multiple  causes  of  death  and  on  other  diseases  present  in  British 
migrant  decedents  will  reveal  whether  chronic  respiratory  disease  not 
apparent  in  official  mortality  statistics  is  more  common  in  this  group  than 
in  the  U.S.  native-born.   The  morbidity  surveys  in  Britain  and  Norway  will 
show  the  levels  of  prevalence  of  symptoms  in  those  countries  and  identify 
environmental  and  personal  characteristics  related  to  the  differences. 
Surveys  of  siblings  of  migrants  may  help  explain  the  low  prevalence  of 
symptoms  among  migrants  to  the  U.S.   Differences  in  cardiovascular 
mortality  between  U.S. -born  and  migrant  groups  will  be  studied.   The  5-year 
cohort  study  should  permit  a  wide  variety  of  mortality  analyses  of  British 
and  Norwegian  migrants.   Prospective  studies  relating  cardiorespiratory 
symptoms,  smoking,  occupation,  income,  age-at-migration,  and  many  other 
factors  to  cause  of  death  are  planned. 
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Proposed  Course;   In  the  United  States  the  morbidity  survey  has  been 
completed  and  preliminary  findings  have  been  published.   Further  analyses 
may  be  undertaken.   The  major  emphasis  however  will  be  in  completing  the 
mortality  phase  of  the  study.   Analyses  are  imderway  for  2-year  British  and 
4-year  Norwegian  mortality  rates.   These  will  focus  upon  such  factors  as 
age-at-migration,  year  of  migration,  smoking  and  other  factors.   Also  under- 
way are:   an  evaluation  of  the  diagnostic  accuracy  of  causes  of  death  as 
reported  on  the  death  certificate,  an  evaluation  of  the  accuracy  of  personal 
information  about  the  decedent  as  supplied  by  the  death  certificate  infor- 
mant, an  examination  into  selected  combinations  of  causes  of  death,  and  an 
examination  of  sudden  CHD  deaths . 

All  morbidity  questionnaire  respondents  who  died  in  the  years  1963-1967 
have  been  identified;  these  furnish  us  with  5  years  (1963-67)  of  migrant 
cohort  deaths.   The  statistical  analysis  of  these  data  is  underway. 

It  is  anticipated  that  the  statistical  analysis  of  the  U.S.  material 
will  be  completed  soon  and  the  results  prepared  for  publication. 

In  Britain  and  Norway  morbidity  questionnaires  have  been  secured 
from  the  siblings  of  migrants  as  well  as  from  samples  of  the  general 
populations.   All  data  have  been  edited,  and  most  have  been  transferred  to 
magnetic  tape.   A  sample  of  deaths  in  the  general  population  of  Britain 
has  been  secured  and  multiple-cause  coded.   In  both  countries  respondents 
to  the  morbidity  questionnaires  who  die  are  being  identified  and  their 
death  certificates  are  being  secured. 
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Project  Title:  U.S.  Mortality  and  Weather,  1962-1966 

Previous  Serial  Number:  None 

Principal  Investigator:   Eugene  Rogot 

Other  Investigator:   Charles  Sydenstricker 

Cooperating  Units:  National  Center  for  Health  Statistics, 

Environmental  Protection  Agency 
National  Climatic  Center 

Man  Years : 

Total:  .45 
Professional:  .45 
Other: 

Project  Description: 

Objectives :   To  study  the  relationship  of  weather  to  mortality  in 
the  United  States. 

Methods  Employed:   Tapes  containing  mortality  data  for  the  U.S.  for 
the  5  years,  1962-1966,  have  been  obtained  from  the  NCHS  and  from  the  EPA. 
The  basic  file  consists  of  20  reels  containing  data  for  9  million  deaths. 
The  data  includes  the  underlying  cause  of  death,  age,  race,  sex,  residence 
at  death,  day,  month  and  year  of  death. 

Tapes  containing  daily  weather  data  for  1962-66  for  some  420  weather 
stations  in  the  U.S.  have  been  obtained  from  the  National  Climatic  Center. 
These  include  daily  maximum,  minimum  and  average  temperatures,  total  pre- 
cipitation and  snowfall. 

Tabulations  are  being  prepared  initially  for  32  Standard  Metropolitan 
Statistical  Areas  to  assess  variation  in  mortality  from  coronary  heart 
disease  with  daily  average  temperature  and  snowfall,  deaths  being 
categorized  by  age,  sex  and  race.   Other  tabulations  will  follow  for  stroke 
deaths  and  for  other  diseases. 
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Major  Findings;   None  yet 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institutes: 
Previous  studies  in  Memphis  and  Chicago  have  shown  associations  between 
cardiovascular  mortality  and  daily  temperatures.   The  Chicago  study  has 
shown  a  relationship  between  coronary  deaths  and  snowfall.   The  generality 
of  these  relationships  will  be  studied. 

An  attempt  will  also  be  made  to  study  geographic  differences  in 
mortality  taking  into  account  weather  factors. 

Proposed  Course:   The  data  processing  and  statistical  analysis  should 
be  completed  within  the  next  year  and  the  results  prepared  for  publication. 
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Publications 

Feinleib,  M.  &  Davidson,  M.J. :  Coronary  heart  disease  mortality: 
A  community  perspective.    J. A.M. A.  222:1129-1134,  1972 

Kannel,  W.B. ,  Castelli,  W.P.,  McNamara,  P.M.,  McKee,  P. A.,  & 
Feinleib ,  M. :  Role  of  blood  pressure  in  the  development  of 
congestive  hart  failure.   The  Framingham  Study.  N.Engl.  J.  Med. 
287:781-787,  1972. 

Margolis ,  J.R. ,  Kannel,  W.B. ,  Feinleib,  M. ,  Dawber,  T.R.,  & 
McNamara,  P.M.:  Clinical  features  of  unrecognized  myocardial 
infarction  -  silent  and  symptomatic.   The  Framingham  Study. 
Submitted  for  publication. 

Rogot,  E. :  Association  of  cardiovascular  mortality  with  weather- 
Chicago,  1967.   ASHRAE  Symposium  Bulletin,  Air  Conditioning 
Climatology  and  Health:  6-10,  1973. 

Rogot,  E. :  Associations  of  coronary  mortality  with  weather  - 
Chicago,  1967.   Submitted  for  publication  to  HSMHA  Health  Reports 

Schwartz,  J.T.  ,  Reuling,  F.H. ,  Feinleib,  M. ,  Garrison,  R.J. ,  & 

Collie,  D.J. :  Twin  heritability  study  of  the  effect  of  cortico  steroids 

on  intraocular  pressure.   Journal  of  Medical  Genetics  9:137-143,  1972. 

Schwartz,  J.T.,  Reuling,  F.H. ,  Feinleib,  M. ,  Garrison,  R.J.,  Collie,  D.J. 
Twin  heritability  study  of  the  corticosteroid  reponse 
Tr.  Am.  Acad.  Ophth.  &  Otol.   77:126-136,  1973. 

Simon,  A.B. ,  Feinleib,  M. ,  Thompson,  H.K. 

Correlates  of  delay  in  the  pre-hospital  phase  of  acute  myocardial 

infarction.   Amer.  J.  Cardiol.  30:476-482,  1972. 

Simon,  A.B.,  Steinke,  W.E. ,  &  Curry,  J.J. 
Artrioventricular  block  in  acute  myocardial  infarction 
Chest  62:156-161,  1972. 

Simon,  A.B. ,  &  Alonzo,  A. A. 

An  Epidemiologic  study  of  the  circumstances  surrounding  sudden  and 

non-hospitalized  cardiac  death  Arch.  Int.  Med.   June,  19  73  in  Press. 
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Unpublished  Papers  and  Talks 


Feinleib  M:   Epidemiology  of  cardiovascular  diseases. 
The  Framingham  Study.   Lecture  at  the  Harvard  School 
of  Public  Health,  February  27,  1973. 

Feinleib  M:   Epidemiology  of  heart  disease,  and  genetic 
factors  in  heart  disease.   Lectures  at  the  State  University 
of  New  York  at  Buffalo,  October  24,  1972. 

Feinleib  M:  Multivariate  methods  in  epidemiology.   Introduction 
to  symposium.  Society  for  Epidemiologic  Research,  Winnipeg,  Canada 
June  22,  1973. 

Feinleib  M:   Is  the  development  of  coronary  artery  disease 
preventable?  Talk  at  post  graduate  course  of  American  College 
of  Chest  Physicians,  New  York,  September  21,  1972. 

Feinleib  M:   Genetics  of  coronary  heart  disease.   Invited  talk 
at  Annual  Meeting  of  the  American  Society  of  Human  Genetics, 
Philadelphia,  Pennsylvania  October  13,  1972. 
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Manning  Feinleib : 

was  awarded  the  spiegelman  Gold  Medal,  Statistics  Section, 
American  Public  Health  Association,  November  15,  1972. 

was  elected  a  Fellow  of  the  American  Public  Health  Association 

served  as  Chairman,  Publications  Committee,  Epidemiology  Section, 
American  Public  Health  Association 

served  as  member  of  Joint  Committee  on  the  Assessment  of  National 
Data  Resources  for  Health,  A.P.H.A. 

served  as  Chairman  of  Coimnittee  on  Criteria  and  Methods, 
American  Heart  Association  Covmcil  on  Epidemiology 

served  on  the  Executive  Committee  of  the  American  Heart 
Association  Council  on  Epidemiology 

was  elected  Council  Delegate  to  the  1973  American  Heart 
Association  Assembly  by  the  Council  on  Epidemiology 

served  as  Immediate  Past  President  and  member  of  Executive 
Committee,  Society  for  Epidemiologic  Research 

served  on  the  Panel  of  Advisors,  National  Center  for  Health  Statistics 

served  as  member  of  National  Cancer  Institute  Cancer  Cause  and 
Prevention  Advisory  Committee 

served  as  Chairman,  Ad  Hoc  Review  Committee  for  the  Central 
Statistical  Center  for  Breast  Cancer  Detection  Demonstration 
Project,  NCI,  January  18,  1973 

served  as  Project  Reviewer  for  NCI  Biometric  Branch,  Honolulu, 
Hawaii,  February  10-14,  1973. 

served  on  the  U.S.  Air  Force  Scientific  Advisory  Board, 
Cardiovascular  Disease  Follow-up  Study  Committee,  August  13-16,  1972. 

served  as  Ad  Hoc  Adviser  to  the  National  Institute  on  Alcohol  Abuse 
and  Alcoholism,  September  15,  19  72. 

served  as  Ad  Hoc  Advisor  to  the  National  Institute  for  Occupational 
Safety  and  Health,  Research  Analysis  Meeting  on  Carbon  Disulfide, 
January  29,  1973. 
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Manning  Feinleib : 

served  as  Project  Reviewer  for  NICHD  Reproduction  Research 
Branch,  March  30,  1973. 

served  as  an  editorial  reviewer  for  the  American  Journal  of 
Epidemiology,  Science,  American  Journal  of  Public  Health, 
Circulation,  and  Archives  of  Internal  Medicine. 
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Project  Title:    Framingham  Heart  Disease  Epidemiology  Study 

Previous  Serial  Number: 

Principal  Investigator:    William  B.  Kannel,  M.  D. ,  Medical  Director 

Other  Investigators:    William  P.  Castelli,   M.  D. ,  Senior  Surgeon,  Director 

Laboratory 

Tavia  Gordon,  NHLI,  Statistician 
Patricia  M.  McNamara,  Statistician 

Collaborating  Investigators:    Thomas  R.  Dawber,   M.  D. ,   C-V  Epidemiologist 

H.  E.  Thomas,  M.D. ,   C-V  Epidemiologist 
Philip  Wolf,  M.  D. ,   Neurologist 
Ted  Colton,  Statistician 
Rita  Nickerson,   Statistician 

Cooperating  Units:    Boston  University  Medical  School 

NHLI  Biometrics 
Framingham  Union  Hospital 
National  Cancer  Institute 
National  Eye  Institute 
Tufts  University  School  of  Medicine 

Man  Years:  (NHLI  Staff  only) 
Total  8. 0 

Professional    3.0 
Other  5. 0 
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Project  Description 

The  Framingham  Heart  Disease  Epidemiology  Study  has  continued  its 
surveillance  of  cardiovascular  morbidity  and  mortality  in  the  original 
Framingham  cohort  through  collection  of  hospital  admissions  and  death  cer- 
tificates.   With  the  periodic  re- examinations  carried  out  under  private  funding 
by  B.  U.  M.  C.  we  have  been  able  to  maintain  a  more  complete  follow-up  in- 
cluding all  morbidity  and  out  of  hospital  mortality.    All  cases,  including  the 
previous  backlog,  have  been  reviewed  and  verified  with  the  assistance  of 
B.  U.  M.  C.  investigators.    Table  I  gives  a  breakdown  of  number  of  cases  for 
each  disease  endpoint  reviewed  to  date.    A  22- year  follow-up  will  be  available 
after  the  twelfth  examination  is  completed  in  September  1973. 

There  were  1152  more  of  the  offspring  cohort  examined  and  lipoprotein 
typing  done  during  the  past  fiscal  year.    Plans  are  underway  to  study;    1. 
Spouses  of  the  offspring;  2.    Offspring  of  the  Framingham  cohort  who  developed 
CHD;  3.    Offspring  of  the  Framingham  cohort  who  had  a  lipoprotein  "type.  " 
In  order  to  carry  this  out,  a  roster  of  names  is  being  prepared.    The  purpose 
is  to  study  familial  aggregation  of  lipoproteins  and  other  precursors  of  C-V 
disease  in  offspring. 

B.  U.  M.  C.  has  recycled  1401  of  the  original  Framingham  cohort  during 
this  past  year  so  far.  This  is  funded  from  private  sources  through  the  efforts 
of  Dr.  T.R.  Dawber.  TheN.  H.L.I,  staff  has  collaborated  in  the  examination 
and  in  supervising  the  collection  and  handling  of  data. 

The  B.  U.  M.  C.  -  N.  I.  N.  D.  stroke  surveillance  grant  has  proceeded 
well  wltli  a  qualified  neurologist  evaluating  all  cases  that  present  to  the  local 
hospital  or  are  seen  at  the  routine  examination.    A  special  neurology  clinic 
has  been  established  to  clarify  all  suspect  cases  found  during  regula*  clinic 
examinations.    Seventy-one  have  been  examined  in  the  clinic  this  year.    A 
special  review  of  all  stroke  cases  was  begun  in  order  to  study  the  natural 
history  of  stroke.    Approximately  half  of  all  strokes  have  had  this  detailed 
review  made. 

Collaborative  Studies 


Framingham  collaborated  with  the  American  Heart  Association  to  put 
out  a  Handbook  of  Coronary  Risk  Probability.    This  will  enable  physicians  to 
estimate  their  patient's  probability  of  developing  coronary  disease  from 
measurements  he  can  ascertain  from  an  office  examination.     The  handbook 
enables  him  to  synthesize  the  various  ingredients  into  a  coronary  profile  pro- 
viding an  estimate  of  the  probability  of  an  event  for  any  constellation  of  key 
coronary  risk  factors. 

A  similar  handbook  for  stroke  is  in  preparation  and  plans  are  being 
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Table  1 
Cardiovascular  Disease  Outcomes  Available  for  Analysis 


18-Year 
Follow-up 


Reviewed  in 
Interim 


5/14/73 
Total 


CHD 


CHF 


Men 
Women 


Men 
Women 


CVA 


ABI 


I.  C. 


198 

Men 

98 

Women 

98 

196 

Men 

52 

Women 

59 

111 

Men 

101 

Women 

61 

Deaths  (5-30-72) 

Men 
Women 


426 
254 
680 


105 
93 


162 


611 

460 

1071 


118 
106 
224 


47 
85 


41 
90 


22 
51 


25 

33 

50 


57 

48 

105 


544 
360 
904 


152 
131 
283 


139 
147 
286 


74 

88 

162 


126 

86 

212 


668 

508 

1176 


HV 


ilP  32 


made  to  extend  these  to  include  predictors  for  intermittent  claudication  and 
congestive  failure  as  well,  from  a  uniform,  set  of  risk  attributes. 

Tavia  Gordon  and  the  N.  H.  L.  I.  Biometrics  Staff  have  developed  the 
statistical  methodology  and  produced  the  required  tabulations  on  which  these 
handbooks  are  based. 

Cancer  Institute  Contract 

The  N.  C.  I.  contract  with  B.  U.  M.  C.  to  have  Framingham  cohort  re- 
cords reviewed  to  e:ctract  occurrences  of  cancer  diagnoses  continues. 
Dr.  Berg  of  tlie  N.  C.  I.  visited  Framingham  to  ascertain  that  the  data  ex- 
tracted was  correct  and  he  verified  some  of  the  cases.    At  this  time  1800 
records  (including  all  the  deaths)  have  been  reviewed  revealing  500  persons 
with  cancer.    The  major  sites  and  number  found  are  as  follows:  colon  and 
rectum  86,  breast  66,  lungs  54,  gynecological  47,  and  kidney  and  bladder  36. 

Eye  Institute  Contract 

During  1972  a  clinic  was  established  to  complete  a  detailed  examination 
for  cataract,   glaucoma,  macular  degeneration  and  diabetic  retinopathy.    This 
clinic  was  put  into  operation  February  1,   1973,  utilizing  funds  made  available 
by  the  National  Eye  Institute.    Hopefully  as  a  result  of  this  study  some  con- 
clusions will  be  reached  regarding  the  various  host  and  environmental  factors 
which  may  affect  the  development  of  these  diseases.    This  contract  is  with 
the  B.  U.  M.  C.  group  and  the  Framingham  cohort  is  the  group  being  studied. 
The  idea  is  to  take  advantage  of  the  20  years  of  collected  data  characterizing 
the  population  according  to  a  large  number  of  antecedent  living  habits,  per- 
sonal attributes  and  biochemical  parameters  which  might  well  be  related  to 
these  major  contributors  to  blindness  of  largely  unknown  origin. 

Stroke  Disability  Evaluation 

A  study  of  the  disability  of  stroke  victims  and  factors  which  influence 
this  is  being  carried  out  imder  the  supervision  of  Dr.  Gresham  of  Tufts.    To 
date  120  persons  have  survived  a  documented  completed  stroke.    Of  these, 
102  persons  have  been  evaluated,  six  have  refused  and  one  cannot  be  located. 

A  case  control  comparison  is  being  undertaken  to  help  evaluate  the  dis- 
ability in  perspective.    Approximately  100  controls  have  already  been  evalu- 
ated.   Final  data  collection  will  be  terminated  in  the  Fall,   1973.    Data  tabu- 
lation and  analysis  are  underway. 

Atraumatic  Evaluation  of  Left  Ventricular  Function 

The  evaluation  of  non- invasive  measurement  of  left  ventricular  function 
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as  a  predictor  of  congestive  failure  continues  under  the  supervision  of  Dr. 
David  Spodick  and  approximately  2100  subjects  have  been  processed.  Sys- 
tolic time   intervals  are  being  m^easured  from  ECG,  Phonocardiographic  and 
carotid  pulse  wave  recordings  he  is  obtaining  at  time  of  routine  biennial  exam- 
inations. 

Honors  and  Awards 

Dr.  William  B,  Kannel  -  Einthoven  Lecture,  University  of  Leiden, 

The  Netherlands 

-  Dana  Award  in  Preventive  Medicine 


Despite  the  restriction  in  personnel  assigned  to  the  study,  N.  H.  L.  I. 
investigators  have  been  reasonably  productive  as  judged  by  published  re- 
ports and  papers  presented.    Requests  for  Framingham  data  continue  at  a 
high  level. 

STAFF:  FISCAL  YEAR 


N.  H.  L.  I.  ,   Morbidity  and  Mortality  S'urveillance  Staff: 

William  B.  Kannel,  Medical  Director 
William  P.  Castelli,  Senior  Surgeon 
Patricia  M.  McNamara,   Statistician  (GS-12) 
Marguerite  D.  Beattie,  Secretary  (GS-6) 
Ruth  C.  Anderson,   Statistical  clerk  (OS- 5) 

Offspring  (Lipoprotein)  Study  Staff: 

Carleen  C.  Simoneau,  R.N.  (GS-6)  Temp,  part-time 
Doris  E.  Honey,  Receptionist  (GS-4) 
Karen  A.  Pierozzi,   (GS-4)  Temp. 
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Publications 

1.  Hemoglobin  and  risk  of  cerebral  infarction:  The  Framingham  Study. 

Kannel,  W.B. ,  Gordon,  T. ,  Wolf,  P.  A.,  McNamaxa,  P.M.:  Stroke, 
Vol.  3,  409-420,   1972. 

2.  Role  of  blood  pressure  in  the  development  of  congestive  heart  failure. 

The  Framingham  Study.    Kannel,  W.  B. ,  Castelli,  W.  P. ,  McNamara, 
P.M.,  McKee,  P.  A.,   Feinleib,  M. :  New  Eng.  J.  Med.  287:781-787,1972 

3.  Quantitation  of  beta  lipoprotein  (LDL)  cholesterol  by  densitometric  evalu- 

ation of  disc  electrophetograms.    Moran,  R.  F. ,  Castelli,  W.  P. , 
Moran,  M.  V. :  Clinical  Chemistry.    18:217-221,   1972. 

4.  Differences  in  coronary  heart  disease  in  Honolulu,  Puerto  Rico  and 

Framingham.    Costas,  R. ,  Garcia- Palmier  i,  M. ,  Gordon,  T. ,  Kagan,  A., 
Kannel,  W.  B. ,  Schiffman.,   J. :  Abstract  for  presentation,  AHA,  45th 
Scientific  Sessions,  Dallas,   Texas,  Nov.    16-19,   1972. 

5.  Medical  evaluation  for.  physical  exercise  programs.    Kannel,  W.  B.: 

Exercise  and  the  Heart  Mara,  R.  L.  (Ed. ),   Charles  C.  Thomas,  Publ. 
79-97,   1972. 

6.  Contributors  to  coronary  risk  -  implications  for  prevention  and  public 

health.    The  Framingham  Study.    Kannel,  W.  B.,  Dawber,   T.R. : 
Heart  &  Lung,  Vol.  1,  no.  6,  797-810,   1972. 

7.  Predisposition  to  atherosclerosis  in  the  head,  heart,  and  legs:  The 

Framingham  Study.    Gordon,  T. ,  Kannel,  W.  B. :  JAMA,  Vol.  221, 
no.  7,  661-666,   1972. 

8.  Multiple  contributors  to  coronary  risk  -  implications  for  screening  and 

prevention.    Gordon,  T. ,  Kannel,  W.  B.  (Eds.).     J.  Chron.  Dis.  25: 
561-565.    Pergammon  Press,  Great  Britain,   1972. 

9.  Current  status  of  coronary  prevention.    Lessons  from  the  Framingham 

Study.  Dawber,  T.  R. ,  Kannel,  W.  B.r    Preventive  Medicine  1,499-512, 
1972. 

10.  The  prospective  study  of  cardiovascular  disease.    Gordon,  T.,  Kannel,  W.  R: 

Trends  in  Epidemiology,   Stewart,  G.  T.  (Ed. )  Charles  C.  Thomas,  Publ. 
Springfield,  111.  pp.  189-211,   1972. 

11.  Obesity  and  coronary  heart  disease.    Kannel,  W.  B. :  Nutrition,  AHA, 

Vol.  1,  no.  3:1-4,1973. 
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12.  The  role  of  impaired  cardiac  function  in  atiierothrornbotic  brain  infarc-  j 

tion:  the  Framingham  Study.    Wolf,  P.,  A.,   Kannel,  W.  B. ,   McNamara,  1 

P.M.,   Gordon,   T.:  Amer.   J.  Public  Health,  Vol  63,  1:52-58,1973.     '  \ 

j 

13.  The  natural  history  of  myocardial  infarction:  the  Framingham  Study.  j 

Kannel,   W.  B. :  Leiden  University  Press,   Leiden,   Holland,    pp.  1-35,  i 

1973.  I 

14.  Cigarettes  and  the  development  of  intermittent  claudication:    the 

Framingham  Study.    Kannel,  W.  B. ,   Shurtleff,  D. :  Geriatrics,  Vol.  2,  i 

28:61-68,   1973. 

15.  Controllable  major  contributors  to  coronary  risk.     The  Framingham 

Study.    Kannel,   W.  B. ,  Dawber,   T.  R. ,   Gordon,   T. :  Major  Advances 
in  Cardiovascular  Therapy,    Russek,  H.  I.  (Ed. ).    In  press. 

I 

16.  Assessment  of  coronary  vulnerability.    Kannel,  W.  B.:  "Skandia.  " 

In  press. 

17.  Characteristics  of  the  dicrotic  notch  of  the  arterial  pulse  wave  in  CHD.  ■ 

Dawber,   T.R. ,   Thomas,   H.  E. ,  McNamara,  P.  M. :  Angiology,   24:  ■ 

1973. 

18.  The  association  of  coronary  risk  factors  among  siblings.    The  1 

Framingham  Study.     Garrison,  R.  J. ,   Feinleib,  M. ,   Kannel,  W.  B. : 
In  press. 

19.  Overweight  and  the  cardiovascular  diseases.    Gordon,   T. ,   Kannel,  W.  B. ,        i 

Geriatrics.    In  press. 

20.  Impaired  carbohydrate  tolerance  and  risk  of  congestive  failure.     The 

Framingham  Study.    Kannel,  W.  B.,   Hjortland,   M. ,   Castelli,  W. P.:  | 

Abstract  -  American  College  of  Cardiology  Mtg. ,  San  Francisco,  Cal. 

Feb.  1973.  i 

21.  Vital  capacity  as  a  predictor  of  congestive  heart  failure.    The  Framingham     j 

Study.    Kannel,  W.  B. ,  Seidman,   J. ,   Fercho,  W. :  Abstract  -  American       ' 
College    of  Chest  Physicians,   Toronto,   Canada,   Oct.   21-25,1973. 

22.  Clinical  aspects  and  natural  history  of  stroke  in  a  community:  the 

Framingham  Study.    Wolf,  P.  A.,   Kannel,  W.  B. ,   McNamara,  P.M.: 
Abstract  -  Conference,  CVD  Epidemiology,  Nev/  Orleans,   La,  Mar.  1973. 
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23.    Cardiovascular  complications  in  insulin  treated  diabetics.    Garcia,  M. , 
McNamai-a,  P.M.,  Gordon,  T. ,  Kaiuiel,  W.  B. :  In,  Early  Diabetes, 
(Camerini-Davalos/Cole)  Academic  Press,  N.  Y. ,  N.  Y. ,  pp.  493-499, 
1973. 

Highlights  of  Framinqham  Research 

As  indicated  in  the  foregoing  publications  a  number  of  research  areas 
have  been  covered,  some  new  and  others  further  evaluation  of  previously 
covered  topics. 

Hemoglobin  and  tlie  Risk  of  Cerebral  Infacction: 

Risk  of  cerebral  infarction  over  16  years  was  ascertained  in  5, 185  men 
and  women  classified  accordina  to  their  hemoglobin,  blood  pressure  and 
cigarette  habit  on  entry  to  the  Framingham  Study.    Within  the  normal  range 
of  hemoglobin  values,  risk  was  found  to  be  proportional  to  the  blood  hemo- 
globin concentration  in  botli  sexes. 

Men  with  hemoglobin  values  of  15  gm  or  greater  and  women  with  14  gm 
or  more  had  twice  as  many  cerebral  infarctions  as  did  their  cohorts  with 
lower  values.    The  risk  of  initial  development  of  82  cerebral  infarctions  was 
also  strikingly  related  to  antecedent  blood  pressure  status  in  both  sexes  and 
to  the  cigarette  habit  in  men.    When  allowance  is  made  for  associated  blood 
pressure  and  cigarette  habit  -  factors  found  to  correlate  with  both  blood 
hemoglobin  values  and  incidence  of  cerebral  infarction  -  hemoglobin  level 
had  only  a  modest  residual  effect,  no  longer  statistically  significant. 

The  pathogenetic,  preventive  and  therapeutic  implications  of  the  inter- 
relationship of  blood  hemoglobin,  blood  pressure  and  ilie  cigarette  habit  and 
their  association  with  cerebral  infarction  require  further  exploration. 

Role  of  Blood  Pressure  in  the  Development  of  Congestive  Heart  Failure: 

In  16  years,   142  of  5, 192  men  and  women  developed  overt  congestive 
neart  failure  (CHF).    In  the  age  range  from  30-62  years  the  dominant  etiologic 
precursor  was  hypertension,  which  preceded  CHF  in  75  per  cent  of  the  cases. 
Six  times  more  CHF  developed  in  hypertensive  than  in  normotensive  persons. 

Examination  of  the  association  of  myocardial  hypertrophy  on  x-ray  or 
electrocardiographic  study  with  systolic  versus  diastolic  pressure  revealed 
little  to  suggest  a  greater  role  for  diastolic  pressure.    Systolic  and  diastolic 
pressure  together,  mean  arterial  pressure,  pulse  pressure,  and  tension- 
time  index  discriminated  potential  hypertrophy  and  CHF  no  better  than  sys- 
tolic pressure  alone.    Examination  of  the  correlation  of  heart  weight  and  left 
ventricular  thickness  at  autopsy  with  premorbid  systolic  versus  diastolic 
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pressure  revealed  a  better  correlation  with  systolic  than  with  diastolic  pres- 
sure. 

CHF  was  a  lethal  phenomenon,  with  only  50  per  cent  surviving  for  five 
years.    Early,  vigorous  and  sustained  control  of  elevated  blood  pressure  - 
systolic  as  well  as  diastolic  -  appears  the  chief  means  for  preventing  CHF 
in  the  general  population. 

Quantitation  of  Beta  Lipoprotein  (LDL)  Cholesterol  by  Densitometric 
Evaluation  of  Disc  Electropherograms: 

This  paper  describes  a  rapid,  facile,  and  accurate  new  procedure  for 
determination  of  marginal  Type  IV  or  Type  n  hyperlipoproteinemias,  in 
which  discontinuous  (disc)  electrophoresis  on  polyacrylamide  gel  is  used  to 
quantitate  LDL  (beta)  cholesterol  without  ultracentrifugation.     Fasting  sera, 
previously  assayed  by  ultracentrifugation  and  chemical  technique,  were  pre- 
stained  with  Sudan  Black,  and  the  lipoproteins  were  separated  by  disc  electro- 
phoresis.   The  beta- lipoprotein  fraction  of  each  electrophoretic  pattern  was 
quantitated  by  densitometry.    The  values  for  the  integrated  densitometric 
peak  areas  for  the  beta  fraction  and  the  chemically  assayed  cholesterol  cf  the 
ultracentrifuged  LDL  fraction   correlated  v/ell  (r  =  .  90).    Results  were  deter- 
mined from  a  curve  relating  chemical  concentration  of  the  integrated  peak 
values  by  densitometry  to  the  known  LDL  cholesterol  of  a  series  of  standards. 

Medical  Evaluation  for  Physical  Exercise  Programs: 

As  a  result  of  recent  publicity  pointing  out  the  evils  of  a  sedentary  life 
and  extolling  the  virtues  of  regular  physical  exercise  and  maintenance  of 
physical  fitness,  many  middle-aged  and  elderly  flabby  men  have  taken  up 
jogging  and  other  forms  of  unaccustomed  physical  exertion.    Those  advocating 
exercise  programs  and  managing  physical  exercise  facilities  have  a  clear 
responsibility  to  safeguard  those  who  may  foolishly  undertake  a  program  of 
exercise  without  prior  medical  evaluation  or  supervision.    Organized  physical 
exercise  facilities  should  require  medical  certification  concerned  with  the 
adA/isability  and  nature  of  the  exercise  program  for  each  individual.    Also, 
periodic  medical  evaluation  for  the  development  of  undesirable  side  effects 
and  contraindications  as  well  as  progress  in  achieA/ing  defined  objectives 
should  be  included. 

This  report  is  concerned  with  the  nature  of  this  medical  evaluation. 

Contributors  to  Coronary  Risk: Implications  for  Prevention  and  Public  Health: 

Coronary  heart  disease  represents  one  of  the  major  health  problems 
of  our  time.    The  underlying  disorder,  atherosclerosis,  accounts  for  approxi- 
mately half  of  all  deaths  in  the  western  world.    Thus  far  it  has  resisted 
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efforts  aimed  at  either  cure  or  prevention.    A  number  of  hypotheses  have 
been  proposed  in  an  attempt  to  explain  how  this  disease  arises  and  evolves 
in  the  general  population. 

The  concept  that  coronary  heart  disease  (CHD)  is  an  inevitable  con- 
sequence of  aging  is  no  longer  tenable.    Evidence  has  been  accumulated  to 
indicate  that  environmental  factors  exert  an  important  influence  on  the  inci- 
dence of  CHD  and  other  atherosclerotic  disorders.    The  relative  role  of  both 
constitutional  and  environmental  factors  related  to  the  development  of  CHD 
must  be  understood  before  practical  preventive  programs  can  be  implemented. 

Predisposition  to  Atherosclerosis  in  the  Head,  Heart,  and  Legs: 

Findings  from  a  16-year  follow-up  study  of  5,  209  Framingham  adults 
indicate  that  blood  pressure,  serum  cholesterol,  cigarette  smoking,  electro- 
cardiographic evidence  of  left  ventricular  hypertrophy,'  and  glucose  intolerance 
are  precursors  common  to  all  three  major  atherosclerotic  events  -athero- 
sclerotic brain  infarction  (ABI),  coronary  heart  disease  (CHD),  and  inter- 
mittent claudication  (IC).    The  dominant  factor  predisposing  to  ABI  is  high 
blood  pressure.    None  is  clearly  dominant  for  CHD.    Glucose  intolerance  is 
only  westkly  related  to  this  disease  while  cigarette  smoking  is  related  weakly 
(if  at  all)  to  angina  pectoris.    All  five  factors  play  an  important  role  in  IC. 
In  general,  relationships  appear  to  be  as  strong  for  women  as  men.    When 
all  five  variables  are  considered  jointly,  they  have  a  closer  relationship  with 
ABI  and  IC  than  with  CHD,  and  equally  strong  relationships  in  every  age  group 
between  45  and  74  years  of  age. 

Multiple  Contributors  to  Coronary  Risk- Implications  for  Screening  and 
Prevention: 

Premature  death  from  coronary  heart  disease  (CHD)  among  men  in 
their  working  years  is  a  major  public  health  problem.    While  an  ounce  of 
prevention  may  be  worth  a  pound  of  cure,  in  the  case  of  coronary  heart  dis- 
ease it  is  not  likely  that  these  are  real  alternatives.    All  too  often  CHD  death 
occurs  with  little  warning,  beyond  the  reach  of  treatment,  leave  alone  cure. 
The  most  common  mode  of  exitus  in  those  afflicted  with  coronary  artery  dis- 
ease is  sudden  death  -  accounting  for  more  than  half  of  all  coronary  deaths 
under  age  65.    Further,  an  examination  of  the  prior  medical  history  of  these 
sudden  death  victims  reveals  that  65  per  cent  were  unheralded  by  prior  evi- 
dence of  overt  CHD  and  thus  were  unexpected  by  the  victim,  his  family  and 
his  physician. 

Current  Status  of  Coronary  Prevention: 

In  the  past  decade  dramatic  innovations  have  been  made  in  the  manage- 
ment of  the  acute  coronary  attack  culminating  in  organized  coronary  care  units 
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and  cardiac  surgery.    Epidemiologic  studies  have  identified  major  host  and 
environmental  contributors  to  coronary  incidence  allowing  both  assessment 
of  risk  and  identification  of  "vulnerable  persons  for  prophylaxis.    Notwith- 
standing these  advances  there  is  no  evidence  that  coronary  mortality  in  the 
community  has  been  significantly  reduced. 

The  authors  believe  that  the  only  hope  for  a  major  impact  on  coronary 
mortality  lies  in  primary  prevention.    Two  approaches  to  the  prevention  and 
control  of  the  atherosclerotic  diseases  are  possible.    First,  by  the  develop- 
ment of  public  health  measures  which  will  favorably  change  environmental  and 
host  factors.    Such  measures  would  include  improved  regimens  of  both  diet 
and  exercise,  elimination  of  cigarette  smoking,  and  reduction  of  weight  and 
blood  pressure. 

Secondly,  by  the  detection  of  persons  at  high  risk  combined  with  an 
attempt  on  an  individual  basis  to  change  the  major  adverse  host  and  environ- 
mental characteristics.    This  will  require  a  great  deal  of  effort  and  motiva- 
tion by  both  patient  and  physician.     The  degree  of  change  needed  and  the  age 
at  which  such  change  is  undertaken  are  important  considerations.    The  earlier 
in  life  positive  changes  in  life  habits  are  instituted,  the  greater  will  be  the 
probability  of  increased  longevity  and  a  healthy  active  life. 

The  Role  of  Impaired  Cardiac  Function  in  Atherothrombotic  Brain  Infarction: 

There  is  little  evidence  to  suggest  that  stroke  will  be  conquered  through 
the  expert  application  of  improved  medical  management  of  the  completed  epi- 
sode.   The  severity  of  the  neurological  deficit  and  its  lethality  are  determined 
by  the  extent  and  locations  of  the  process.    A  more  fruitful  approach  to  this 
devastating  illness  would  be  to  deal  with  its  precursors  rather  than  to  delay 
treatment  until  stroke  has  occurred.    There  is  reason  to  believe  that  strokes 
are  not  simply  an  inevitable  accident  of  nature  in  the  aged  as  the  term  "cere- 
brovascular accident"  implies  but  rather  the  end  of  a  chain  of  events  set  in 
motion  long  before  neurological  deficit  has  appeared.    It  is  essential  that  the 
stroke-prone  person  be  identified  and  brought  to  treatment  prior  to  the  occur- 
rence of  disease. 

As  in  coronary  heart  disease,  many  of  the  factors  predisposing  to  the 
occurrence  of  atherothrombotic  brain  infarction(ABI).    The  commonest  type 
of  stroke,  are  being  delineated  in  prospective  epidemiologic  studies.    A  pro- 
file of  the  stroke-prone  person  is  gradually  emerging.    Of  the  ingredients  of 
this  profile,  hypertension  ranks  as  the  most  important  factor.    Cardiac  im- 
pairment also  contributes  to  the  risk  of  stroke. 

This  report  examines  in  detail  the  contribution  of  blood  pressure  and 
cardiac  impairments  to  the  development  of  ABI. 
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The  Natural  History  of  Myocardial  Infai-ction: 

Recent  information  from  epidemiologic  studies  has  added  new  dimen- 
sions to  our  understanding  of  the  nataral  history  of  myocardial  infarction  (MI) 
by  providing  information  on  its  presymptomatic  stage,  clues  to  subclinical 
disease  and  av^^^areness  of  prehospital  mortality..     Only  an  epidemiologic  assess- 
ment of  the  way  coronaxy  disease  arises,  evolves  and  terminates  fatally  in  the 
general  population  can  provide  an  undistorted  pictin-e  of  the  natural  history  of 
MI. 

Thif:  report  provides  such  an  assessment  based  largely  on  observations 
made  over  the  past  two  decades  in  the  Framingham.  Study  where  5, 127  men 
and  women  aged  30-62  have  been  followed  biennially  for  the  development  of 
initial  and  recurrent  clinical  manifestations  of  coronary  disease.    Current 
assessnient  reveals  that  myocardial  infarction  is  a  most  potent  force  of  mor- 
tality, that  it  may  be  a  legacy  of  technologic  progress,  that  it  can  be  predicted, 
that  it  is  more  lethal  than  disabling  and  that  only  a  preventive  approach  can 
achieve  a  substantial  reduction  in  mortality. 

Cigarettes  and  the  Development  of  Intermittent  Claudication: 

This  report  is  concerned  with  tlie  relation  of  the  cigarette  habit  to  the 
development  of  symptoms  of  intermittent  claudication  (I.  C. )  in  a  general  pop- 
ulation sample  of  5,  209  men  and  women  taking  into  account  blood  pressure 
status,  blood  lipid  values,  diabetic  status  and  ECG-LVH  at  entry  to  the  study. 

Over  16  years  84  men  and  44  women  developed  I.  C.    The  cigarette 
smokers  developed  about  twice  as  much  L  C.  as  non-smokers  and  risk  in- 
creased with  the  intensity  of  the  habit.    The  contribution  of  the  cigarette  habit 
to  risk  of  I.  C.  was  independent  of  the  associated  atherogenic  traits  enumer- 
ated above.    In  multivariate  analysis  the  cigarette  habit  makes  the  greatest 
contribution  to  risk  of  L  C.  in  men.    Of  all  the  factors  associated  with  increased 
incidence  of  I.  C. ,  the  cigarette  habit  was  the  only  one  whose  relative  contri- 
bution is  enhanced  when  other  factors  are  taken  into  account  in  multivariate 
analysis.    This  may  indicate  that  atherogenic  factors  and  peripheral  athero- 
sclerosis are  necessary  prerequisites  for  the  claudication-promoting  action 
of  ciQarettes. 
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The  cigarette  habit  has  long  been  noted  to  aggravate  established  occlu- 
sive arterial  peripheral  vascular  disease.    It  has  now  been  demonstrated  to 
make  an  independent  contribution  to  the  appearance  of  symptomatic  peripheral 
arterial  disease. 

Overweight  and  the  Cardiovascular  Diseases: 

The  role  and  mechanism  of  adiposity  in  cardiovascular  disease  requires 
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further  clarification.    Despite  long-standing  efforts  against  overweight  the 
prevalence  of  obese  men  in  the  general  population  continues  to  rise.    In  the 
Framingham  Study  group  of  5,  209  adults  more  than  15%  of  the  men  and  20% 
of  ttie  women  are  at  least  20%  above  ideal  weight.    A  16  year  surveillance  of 
tills  cohort  shows  that  the  chances  of  a  man  developing  coronary  heart  disease 
at  20%  overweight  is  roughly  50%  gi-eater  than  the  risk  at  ideal  weight.    There 
is  also  a  substantial  excess  risk  of  atherothrombotic  brain  infarction  and  con- 
gestive failure;  the  risk  being  proportional  to  the  degree  of  overv/eight.    Over- 
weight women  also  have  an  excess  risk  of  these  cardiovascular  events.    There 
is  no  similar  excess  risk  of  intermittent  claudication  in  the  obese;  indeed  for 
men,  there  is  a  significant  inverse  relationship. 

Clinical  Aspects  and  Natural  History  of  Stroke  in  a  Commujiity: 

The  prospective  epidemiological  study  of  5,  209  men  and  women  aged 
30-62  followed  for  18  years  for  the  development  of  stroke  has  been  carried 
out  in  a  population  in  Framingham,  Massachusetts.    Most  of  the  stroke  patients 
were   admitted  to  the  Framingham  Union  Hospital  at  the  time  of  the  stroke, 
at  which  time  they  were  evaluated  by  a  neurologist.    The  neurological  deficit 
at  the  time  of  the  stroke  has  been  documented  and  this  has  perm.itted  classi- 
fication of  these  cases  by  stroke  type.    The  identification  of  all  stroke  events 
in  this  population  has  provided  an  undistorted  picture  of  the  natural  history  of 
stroke  in  a  community. 

There  were  196  cases  of  stroke  which  occurred  with  equal  frequency  in 
men  and  women.    Of  these  cases  atherothrombotic  bran  infarction,   (ABI)  and 
transient  ischemic  attacks  accounted  for  64%,  cerebral  embolus  for  21%,  sub- 
arachnoid hemorrhage  for  11%,  and  intracerebral  hemorrhage  for -4%. 

It  has  been  possible  to  distinguish  strokes  secondary  to  ABI  from  those 
due  to  embolus  and  from  intracranial  hemorrhage.     Furthermore,  distinction 
of  ABI  due  to  extracranial  occlusive  ai'terial  disease  from  that  due  to  lacunar 
infarction  has  been  achieved  with  considerable  frequency  on  clinical,  angio- 
graphic and  neuropathologic  bases. 

These  natural  history  and  clinical  data  will  be  related  to  risk  factors 
measured  years  prior  to  the  stroke. 
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Project  Description  and  Objectives: 

The  reported  coronary  heart  disease  (CHD)  mortality  rate  of 
men  of  Japanese  descent  in  the  United  States  is  two  to  three 
times  as  great  as  that  of  men  of  the  same  age  in  Japan.   Con- 
versely, the  cerebrovascular  disease  mortality  rate  in  Japan 
exceeds  that  in  the  United  States.   This  difference  in  mortality 
experience  in  two  groups  of  similar  ethnic  origin  is  evidence 
for  the  importance  of  some  environmental  factor (s)  in  the 
causation  of  these  diseases. 
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The  purpose  of  the  present  project,  being  carried  out  in 
cooperation  with  the  Atomic  Bomb  Casualty  Commission  in  Hiroshima 
and  Nagasaki,  Japan,  with  the  University  of  California  School  of 
Public  Health,  Berkeley,  and  with  the  Community  Medicine  Prograim, 
San  Francisco,  is,  first,  to  test  and  assess  carefully  the  degree 
of  these  reported  differences  in  disease  experience  with  regard 
to  morbidity  as  well  as  mortality,  and,  second,  to  delineate  the 
environmental  factor (s)  responsible  for  the  differences. 

Methods  Employed: 

Parallel  studies  began  in  Honolulu  and  in  Hiroshima-Nagasaki 
in  January  1965,  utilizing  comparable  self-administered  question- 
naires specifically  devised  for  the  purpose.   The  study  cohort  in 
Hawaii  was  identified  expeditiously  through  Selective  Service 
registration  records,  the  addresses  being  updated  by  the  use  of 
business  and  telephone  directories  and  of  State  agency  rolls. 
Because  of  Hawaii's  geography  and  the  United  States'  immigration 
policy,  in-  and  out-migration  of  Japanese  men  has  been  relatively 
small,  and  these  men  are  therefore  well  defined  by  the  thorough 
Selective  Service  registration  which  occurred  during  the  early 
1940's. 

The  first  phase  of  the  study,  collection  of  data  by  a  self- 
administered  questionnaire,  was  completed  in  late  1965.   Of  the 
total  12,417  questionnaires  which  were  mailed  out,  1,269  were 
returned  unlocated,  and  1,270  men  refused  to  answer  the  question- 
naire.  The  9,878  men  who  completed  and  returned  questionnaires 
constituted  the  cohort  which  was  to  be  examined. 

This  examination,  the  second  phase  of  the  study,  began  in 
late  October  1965.   In  addition  to  routine  cardiovascular  measures, 
the  subjects  were  characterized  according  to  a  24-hour  diet 
history,  various  anthropometric  variables,  and  detailed  blood 
measurements.   Serum  was  analyzed  for  glucose  one  hour  after  a 
50  gram  glucose  load,  for  uric  acid,  for  cholesterol,  and  for 
triglyceride. 

The  first  examination  of  the  cohort  was  completed  in  November 
1968,  with  the  examination  of  8,006  subjects.   A  comparable 
examination  cycle  in  Hiroshima-Nagasaki  required  only  two  years, 
and  in  California,  through  the  use  of  the  Kaiser  multiphasic 
screening  facilities,  the  examination  cycle  was  completed  in 
August  1970,  less  than  one  year  after  its  start. 

Re-examinations  were  initiated  in  October  1967,  with  the 
examination  format  altered  by  the  omission  of  the  24-hour  diet 
history  and  the  addition  of  a  brief,  structured  screening 
neurological  examination.   A  repeat  electrocardiogram  was  done. 
Blood  was  drawn  on  all  the  subjects  and  determination  of 
hematocrit,  cholesterol,  glucose  (without  a  glucose  load) ,  uric 
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acid,  and  triglyceride  were  performed  on  a  20%  sample.   Serum 
samples  of  the  rest  were  frozen  for  future  determinations.   This 
second  cycle  of  examinations  at  Honolulu  was  completed  in  November 
1970.   7,498  or  94%  of  the  examinees  returned  for  examination  two 
years  following  the  first.   Eighty-two  men  died  within  24  months 
of  their  initial  examinations.   Of  the  426  survivors  who  failed 
to  return,  contact  has  been  made  with  403;  390  were  reportedly 
free  of  CHD  and  of  cerebrovascular  disease  in  the  two  years 
following  their  first  examination.   Five  had  documented  myocardial 
infarctions  and  eight  had  documented  strokes.   Twenty-three  men 
have  not  yet  been  contacted  and  are  thus  far  lost  to  follow-up, 
althou-jh  they  are  believed  to  be  alive. 

Cur  consultant  neurologist,  Dr.  Popper,  has  examined  those 
individuals  picked  up  on  the  screening  neurological  examination 
as  showing  suspicious  evidence  of  cerebrovascular  accidents .   The 
findings  of  this  detailed  neurological  examination  will  be  used 
to  determine  prevalence  of  stroke  in  our  cohort  as  well  as  to 
eliminate  people  from  the  population-at-risk  of  developing  new 
stroke,  to  be  determined  in  the  third  cycle  of  examinations, 
again  by  screening  followed  by  definitive  examinations. 

Serum  samples  and  electrocardiograms  have  been  interchanged 
with  the  Hiroshima  investigators;  and  staff  pathologists  from 
both  Hiroshima  and  Honolulu  are  independently  grading  the 
atherosclerotic  lesions  in  necropsy  material  from  both  areas. 
In  addition,  electrocardiograms  from  all  three  study  sites  were 
mounted  on  identical  forms  and  Xerox  copies  of  these  electro- 
cardiograms were  interpreted  and  coded  by  trained  personnel  in 
the  laboratory  of  Dr.  Henry  Blackburn  in  Minneapolis. 

A  number  of  substudies  have  been  performed.   During  the 
second  examination,  data  were  gathered  relative  to  chronic 
broncho-pulmonary  disease.   Spirograms  were  recorded  on  all 
examinees;  sputum  was  collected  on  those  who  complained  of 
chronic,  productive  cough;  and  in  a  series  of  svibjects  with 
evidence  of  chronic,  obstructive  lung  disease,  and  in  a  number 
of  controls,  a  determination  of  Alpha-1  antitrypsin  level  was 
performed.   In  conjunction  with  Mainland  centers,  data  were 
collected  on  precursors  of  acute  myocardial  infarction  and 
-ijc'den  death.   We  have  been  participating  in  the  cooperative 
lipoprotein  phenotyping  project.   The  collection  of  plasma  and 
serxam  for  this  study  has  been  completed  with  specimens  obtained 
from  2,906  men,  or  85%  of  the  selected  sample  of  3,407. 

Dr.  Syme  of  the  California  study  has  designed  an  accultura- 
tion questionnaire  to  assess  the  degree  of  westernization  of 
Japanese-Americans  living  in  California.   The  need  for  such  data 
arose  from  the  hypothesis  that  adoption  of  the  "American  way  of 
life"  may  alter  the  disease  experience  of  Japanese  in  the 
United  States  compared  to  those  of  Japan  through  a  mechanism 


HV  EP  45 


independent  of  diet  or  other  usually  measured  behavioral  variables, 
This  concept  is  supported  by  the  demonstrated  difference  in 
incidence  of  and  mortality  from  CHD  in  age-matched  Issei  and 
Nisei  living  in  Hawaii.   It  was,  therefore,  decided  to  apply  this 
questionnaire  to  the  Honolulu  Heart  Study  cohort.   Of  the  7,56  3 
questionnaires  which  were  mailed,  4,672  were  returned  for  a 
response  rate  of  61%.   Keypunching  and  analysis  of  these  data  are 
being  performed  at  the  University  of  California  in  Berkeley. 

Starting  in  October  1971,  a  third  cycle  of  examination  was 
started  in  conjunction  with  the  National  Cancer  Institute.   The 
men  are  being  recalled  for  examination  near  the  sixth  anniversary 
of  their  initial  examination.   The  cardiovascular  portion  of  the 
examination  is  directed  primarily  at  the  detection  of  new  events 
of  CHD  and  stroke  occurring  in  the  interim  since  the  previous 
examination  four  years  before. 

Surveillance  of  hospitalization  and  deaths  in  the  study 
siibjects  has  continued.   This  surveillance  is  being  maintained 
on  all  Japanese  men  living  on  Oahu,  born  between  1900  and  1919, 
whether  or  not  they  responded  to  the  initial  questionnaire  or 
were  examined,  in  order  to  compare  the  morbidity  and  mortality 
experience  of  respondents  and  nonrespondents .   Using  detailed, 
pretested  criteria,  the  staff  medical  record  librarian  carefully 
screens  all  Oahu  hospital  discharge  records  and  death  certifi- 
cates, and  these  records  are  then  regularly  reviewed  by  staff 
epidemiologists  who  assign  most  probable  diagnoses  in  each  case. 
In  addition,  the  staff  pathologist  participates  in  the  majority 
of  necropsies  on  these  men,  using  standardized  methods  for 
grading  atherosclerotic  lesions. 

Major  Findings: 

A  comparison  of  the  characteristics  of  the  three  Japanese 
populations  under  study  reveals  that  the  Hawaiians  closely 
resemble  the  Calif ornians  in  height,  weight,  skinfold  thickness, 
hematocrit,  and  uric  acid.   In  both  of  these  American  cohorts, 
the  men  are  only  slightly  taller  than  those  in  Japan;  in  the 
other  variables,  the  American  measurements  are  substantially 
greater  than  those  in  Japan.   The  Hawaiian  cohort  resembles  the 
Japanese  in  measures  of  ventilation,  both  in  terms  of  total 
forced  expiratory  volume  and  in  the  one  second  forced  expiratory 
volume,  expressed  as  a  percent  of  the  total.   They  also  resemble 
each  other  in  systolic  and  diastolic  blood  pressures.   In  these 
measures,  the  California  values  are  higher  than  in  the  other  two 
cohorts.   Hawaiian  serum  glucose  values  are  slightly  higher  than 
Calif ornian  which  are,  in  turn,  slightly  higher  than  those  in 
Japan;  the  most  striking  difference  is  between  Hawaiian  and 
Japanese  men  in  the  older  age  groups.   California  cholesterol 
values  are  slightly  higher  than  Hawaiian  which  are,  in  turn, 
much  higher  than  those  in  Japan. 
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The  major  dietary  differences  between  the  indigenous  and 
migrant  Japanese  are  in  the  preponderance  in  the  diet  in  Japan 
of  complex  carbohydrates,  primarily  in  the  form  of  rice,  and  the 
lower  intake  there  of  fat.   Both  the  Hawaiian  and  the  Calif ornian 
Japanese  diet  is  characterized  by  its  higher  intake  of  animal 
protein,  simple  sugars,  and  fat.   Thirty-three  percent  of  calo- 
ries in  Hawaii  and  38%  in  California  is  in  the  form  of  fat  with 
a  preponderance  of  saturated  fat. 

A  substudy  has  been  performed  on  samples  of  men  both  in 
Japan  and  in  Hawaii,  stratified  according  to  serum  cholesterol 
levels,  to  determine  more  quantitatively  their  dietary  intake  by 
means  of  a  7-day  diet  record.   These  studies  have  substantiated 
the  findings  according  to  the  24-hour  recall  method. 

In  an  analysis  of  the  relation  between  dietary  variables 
and  levels  of  casual  serum  lipids  (cholesterol  and  triglycerides) , 
serum  cholesterol  showed  a  positive  regression  with  dietary 
intake  of  saturated  fat,  animal  protein,  and  cholesterol.   The 
relation  between  serum  cholesterol  and  saturated  fat  intake  was 
strongest  among  men  with  low  relative  weight.   Serum  cholesterol 
was  negatively  associated  with  intake  of  complex  carbohydrate, 
but  there  was  no  association  with  intake  of  simple  carbohydrate. 
Regression  of  casual  triglyceride  levels  on  nutrient  variables 
was  weak,  though  consistently  negative  with  the  calorie/weight 
index. 

The  prevalence  of  CHD  at  the  first  examination  was  analyzed, 
using  the  categories  for  which  data  are  available  in  piiblished 
material  from  Framingham  and  from  the  Atomic  Bomb  Casualty  Com- 
mission.  Combining  siibjects  with  definite  or  possible  EKG 
evidence  of  myocardial  infarction  and  those  with  angina  pectoris, 
a  total  prevalence  of  32.3  per  thousand  was  obtained  for  Honolulu. 
This  compared  with  rates  of  47.2  and  18.2  per  thousand  for 
Framingham  and  Japan,  respectively.   These  differences  were 
statistically  significant  and  not  explained  by  age  differences. 
Analysis  limited  to  cases  with  definite  electrocardiographic 
evidence  of  prior  myocardial  infarction  showed  the  same  trends 
but  the  differences  were  not  statistically  significant. 

One  hundred  and  one  men  developed  new  CHD  during  the  two 
years  following  their  first  examination.   The  annual  incidence 
rate  ranged  from  2.5  per  thousand  in  those  aged  45  to  49  to 
11.7  per  thousand  in  those  aged  65  to  68.   Here,  again,  the 
rates  are  intermediate  between  those  in  Japan  and  those  in 
Framingham.   Age-adjusted  means  for  selected  variables  were 
contrasted  for  the  subjects  developing  CHD  and  for  the  rest  of 
the  population-at-risk.   The  most  significant  difference  was 
the  higher  systolic  blood  pressure  in  the  cases.   Also  signifi- 
cantly greater  among  the  cases  were  various  measures  of  adiposity. 
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such  as  skinfold  measurements,  and  casual  cholesterol  and 
triglyceride  levels.   There  was  no  difference  between  the  serum 
glucose  levels  of  the  two  groups.   In  a  discriminant  function 
analysis,  age,  sum  of  skinfolds,  cigarette  smoking,  systolic 
blood  pressure,  and  cholesterol  v/ere  found  to  be  statistically 
significant  predictors  of  CHD  incidence  in  this  Hawaiian  cohort. 
Comparison  of  incidence  among  Issei  (those  born  in  Japan)  and 
among  Nisei  (men  born  in  Hawaii  of  Issei  parents)  shows  a 
consistently  higher  incidence  rate  among  the  Nisei  despite 
insignificant  differences  in  various  measured  risk  factors. 

Comparison  of  data  from  Framingham,  Puerto  Rico,  and 
Honolulu  on  men  aged  45-64  at  baseline  examination  showed  that 
the  prevalence  of  CHD  in  Framingham  was  twice  that  in  Honolulu 
and  Puerto  Rico.   CHD  incidence  by  EKG  alone,  by  CHD  death,  or 
by  both  was  from  two  to  four  times  higher  in  Framingham  than  in 
the  other  two  sites. 

All  three  studies  found  a  positive  association  of  seriom 
cholesterol  and  blood  pressure  to  subsequent  CHD  incidence.   A 
similar  relation  to  incidence  was  found  with  cigarette  smoking 
in  Framingham  and  Honolulu  but  not  in  Puerto  Rico.   Relative 
weight  was  a  much  stronger  risk  factor  in  Honolulu  and  Puerto 
Rico  than  in  Framingham. 

Differences  in  population  characteristics  could  not  account 
for  the  differences  in  CHD  incidence.   At  comparable  risk  factor 
levels  the  incidence  of  CHD  among  Framingham  men  was  twice  that 
among  Hawaii  Japanese  or  among  Puerto  Ricans . 

The  overall  level  of  mortality,  as  well  as  mortality  from 
CHD,  was  substantially  higher  in  the  Framingham  cohort  than  in 
Puerto  Rico  and  Honolulu.   The  CHD  mortality  was  lowest  in  the 
Hawaii  Japanese;  not  only  that,  but  their  CHD  case  fatality  rate 
was  the  lowest  of  the  three  studies.   Less  than  a  third  of  the 
incidence  in  Honolulu  presented  as  CHD  death.   The  comparable 
ratios  for  Puerto  Rico  and  Framingham  were  47.7%  and  49.2%, 
respectively.   The  proportion  of  CHD  deaths  that  were  sudden 
was  highest  in  Framingham,  35/58.   The  corresponding  ratios  in 
Puerto  Rico  and  Honolulu  were  somewhat  lower,  14/36  and  6/15, 
respectively. 

Between  1965  and  June  1972,  among  those  Hawaiian  Japanese 
males  who  had  been  born  between  1900  and  1919,  1,011  died. 
According  to  the  death  certificates,  27%  died  of  CHD,  and  13% 
died  of  cerebrovascular  accidents.   Of  these  deaths,  482  or  48% 
came  to  autopsy.   In  these,  the  cause  of  death  was  attributed 
to  CHD  in  22%  and  to  cerebrovascular  accidents  in  12%. 
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Proposed  Course: 

Third  cycle  examinations  will  continue  near  the  sixth 
anniversary  date  of  the  first  examination.   The  emphasis  is  on 
the  detection  of  interim  CHD  and  interim  stroke,  the  latter  by 
an  examination  by  our  consultant  neurologist  of  anyone  picked 
up  by  the  screening  examination;   The  objective  will  be  to 
develop  more  precise  age-specific  incidence  rates  for  CHD 
in  general,  as  well  as  age-specific  rates  for  different  mani- 
festations of  CHD,  especially  of  hard,  documented  cases  of 
myocardial  infarction.   Such  rates  developed  through  examination 
will  be  Tuore  comparable  with  the  rates  developed  in  Hiroshima 
and  in  Framingham  and  in  other  Mainland  cardiovascular  disease 
study  centers  than  are  rates  which  can  be  determined  by  sur- 
veillance alone.   In  the  two-year  incidence  follow-up,  only  28 
new  cases  of  stroke  were  detected  in  our  population-at-risk. 
With  the  population  now  older  and  with  six  years  of  follow-up 
compared  to  two,  we  anticipate  that  it  may  be  possible  to  relate 
stroke  incidence  also  to  risk  variables  in  the  study  cohort. 

Preliminary  data  from  the  lipoprotein  phenotyping  project 
indicates  that  in  the  random  sample  70%  of  the  Hawaii  Japanese 
men  were  normal,  5%  were  Type  II,  24%  were  Type  IV,  and  the  few 
remaining  were  Types  III  and  V.  In  the  coming  year,  these  data 
will  be  subjected  to  detailed  analysis;  of  special  interest  is 
the  high  prevalence  of  Type  IV  in  this  cohort.  The  relation  of 
these  phenotypes  to  CHD  and  stroke  will  be  explored. 

Surveillance  of  the  members  of  the  cohort  for  development 
of  lethal  and  nonlethal  cardiovascular  and  cerebrovascular 
disease  will  continue.   Diagnostic  criteria  for  morbidity  and 
mortality  have  been  pretested  extensively.   In  all  centers,  the 
8th  Revision  of  the  International  Classification  of  Diseases  and 
Causes  of  Death  is  used  to  ensure  comparability  with  the  other 
studies;  and  coimtion  methods  of  data  processing,  tabulation,  and 
analysis  have  been  developed  and  agreed  upon. 

Piiblications : 

Sano,  T.,  Yokoyama,  M. ,  and  Rhoads ,  G.G.:  Clinical  significance 
of  cs^ -antitrypsin  level — A  preliminary  evaluation  among  Japanese 
men."  Hawaii  Med.  J.  31:   27-32,  1972. 

Tillotson,  J.L.,  Kato,  H. ,  Nichaman,  M.Z.,  Miller,  D.C.,  Gay,  M.L. , 
and  Johnson,  K.G. :   Epidemiology  of  coronary  heart  disease  and 
stroke  in  Japanese  men  living  in  Japan,  Hawaii,  and  California: 
Methodology  for  comparison  of  diet.   Am.  J.  Clin.  Nutr.  26: 
177-184,  1973. 

Go,  G. ,  Nakamura,  F. ,  Rhoads,  G. ,  and  Dickinson,  L.:  Long-term 
health  effects  of  dietary  monosodium  glutamate.  Hawaii  Med.  J. 
32:   13-17,  1973. 
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Kato,  H. ,  Tillotson,  J.,  Nichaman,  M.Z.,  Rhoads ,  G.G., 
Hamilton,  H.B.:   Epidemiologic  studies  of  CHD  and  stroke  in 
Japanese  men  living  in  Japan,  Hawaii,  and  California:   Serum 
lipids  and  diet.   Am.  J.  Epidem. ,  June  1973.   In  press. 
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Man  Years:   Total  NHLI 

Professional  -  0. 
Other 


HV  EP  51 


Serial  No. 
1. 
2. 
3. 


PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Description: 

Objectives :   To  determine  the  factors  which  are  significantly  associated 
with  an  unusually  low  death  rate  from  coronary  heart  disease  and  a  reduced 
severity  of  coronary  atherosclerosis  found  on  autopsy  among  men  age  45-64 
living  in  Puerto  Rico.   Pilot  investigations  confirmed  a  death  rate  approxi- 
mately one-third  of  that  found  for  the  same  age  men  on  the  U.S.  mainland. 
It  was  further  found  that  this  low  mortality  and  reduced  severity  of 
atherosclerosis  of  the  coronary  arteries  could  not  be  explained  by  out- 
migration  of  the  sick,  errors  in  the  statement  of  age,  under-reporting  of 
deaths  or  significant  errors  of  diagnosis. 

Further  pilot  field  surveys  in  the  urban  and  rural  populations  revealed  a 
heterogeneity  of  diet,  physical  activity  and  lipid  levels  which  would  make 
possible  testing  of  the  validity  of  the  risk  factors  established  for  the 
Framingham  population  in  another  U.S.  population  with  a  very  low  incidence 
of  coronary  disease. 

A  relatively  high  autopsy  rate  of  557o  of  all  deaths  provides  a  further 
opportunity  for  direct  correlation  of  severity  of  lesions  in  the  coronary 
vessels  with  antecedent  biochemical  measurements  in  this  population. 

Methods  Employed:   A  special  census  of  all  males  age  45-64  living  in 
specified  rural  and  urban  municipios  has  been  conducted  to  identify  a  total 
population  of  4,000  rural,  4,000  urban  lower  socioeconomic  and  4,000  higher 
socioeconomic  subjects. 

A  comprehensive  standardized  protocol  was  developed  and  pretested,  a  manual 
of  operations  completed  and  staff  trained  in  conducting  the  necessary 
procedures  for  information  collection,  clinical,  laboratory,  autopsy,  data 
processing  and  quality  control. 

A  prospective  epidemiological  investigation  on  this  population  began  in  July 
1965  and  completed  its  baseline  examination  cycle  in  December  1968.   From 
an  invited  group  of  12,167  males,  an  overall  response  rate  of  807o  was 
achieved  in  this  baseline  examination  resulting  in  extensive  baseline  data 
for  the  further  prospective  study  of  9,814  men.   An  incidence  examination 
cycle  was  initiated  under  a  schedule  allowing  a  2  year  interval  from  the 
first  examination.   Concurrent  morbidity,  mortality  and  autopsy  data  are 
being  gathered  to  relate  to  baseline  measured  characteristics. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
This  study  in  a  U.S.  population  with  confirmed  low  coronary  disease  rates 
provides  a  potential  for  establishing  the  characteristics  which  are  natural 
determinants  of  low  coronary  disease  incidence  and  mortality.   This  study 
will  extend  knowledge  of  the  significance  of  risk  factors  at  low  incidence 
levels  of  coronary  heart  disease. 

Extensive  dietary  data  have  also  been  collected  and  will  be  analyzed  to 
seek  further  clarification  of  this  important  question. 

Proposed  Course  of  Project:   Completion  of  the  present  incidence  cycle 
is  planned  in  order  to  provide  increased  numbers  of  cases  for  more  definitive 
risk  factor  relationships.   Future  mortality  surveillance  after  completion 
of  the  present  examination  cycle  will  be  planned  but  it  is  not  presently 
intended  to  conduct  further  re -examinations  of  the  entire  cohort  beyond 
the  present  cycle 

Publications ; 

Costas,  R. ,  Garcia-Palmieri,  M.R. ,  Cortes-Alicea,  M. ,  Cruz-Vidal,  M. , 
Patterne,  D.  and  Ayala,  A.A. :   Cerebrovascular  and  peripheral  vascular 
disease:  Prevalence  in  Puerto  Rican  males.   Bol.  Asoc.  Med.  P.R.  65 : 
7-9,  Jan.  1973. 

Gulbrandsen,  C.L.,  Garcia-Palmieri,  M.R.,  Tillotson,  J.,  Nazario,  E., 
Costas,  R.  and  Colon,  A.A. :   Serum  lipoprotein  patterns  in  Puerto  Rican 
men.   Ann.  Int.  Med.  (Submitted) 

Garcia-Palmieri,  M.R.,  Costas,  R. ,  Gordon,  T. ,  Kagan,  A.,  Kannel,  W.B.  and 
Schiffman,  J. :   Differences  in  coronary  heart  disease  in  Framingham, 
Honolulu,  and  Puerto  Rico.   (In  preparation  for  Circulation). 
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San  Francisco,  and  Framingham  studies  in  the  initial  interview  phases.   Sub- 
sequent dietary  substudies  in  Puerto  Rico,  Hiroshima,  and  Honolulu  were 
designed  to  give  more  detailed  dietary  information  using  methods  suitable  for 
the  particular  populations  under  study,  taking  into  consideration  such  items 
as  literacy  levels  and  subject  time  available.   Interviewing  has  been  completed 
in  all  except  the  Puerto  Rico  study,  and  statistical  analysis  is  proceeding 
using  standard  correlation  and  regression  techniques. 

Major  Findings:   Two  major  papers  have  been  accepted  for  publication  this 
year,  based  on  the  nutrition  studies  carried  out  in  the  tripartite  study  of 
Japanese  men.   The  first  documented  the  dietary  methodology  and  the  second  the 
relationship  of  dietary  intake  to  serum  lipid  levels.   Serum  cholesterol  levels 
showed  significant  positive  regression  with  per  cent  calories  from,  saturated 
fat  and  significant  negative  regression  with  per  cent  calories  from  complex 
carbohydrate  within  the  two  study  populations  in  Japan  and  Hawaii;  similar 
trends  were  also  observed  within  the  California  cohort.   There  are  also 
interesting  relationships  between  serum  lipid  levels  and  nutrient  intake  by 
levels  of  relative  weight. 

The  results  of  the  study  of  rural  and  urban  Puerto  Ricans  are  still  under 
statistical  investigation,  but  probably  will  be  similar;  the  paper  describing 
results  from  this  study  is  in  second  draft  stage.   The  data  collected  in  a 
comparable  manner  during  the  last  two  years  of  the  Framingham  study  will  be 
used  principally  for  comparison  purposes,  since  it  appears  to  be  almost 
impossible  to  discern  a  realtionship  between  diet  and  serum  lipid  levels  in 
populations  where  high-calorie,  high- fat  intakes  have  been  customary  over  an 
entire  lifetime. 

Significance  to  Biomedical  Research;   While  it  has  been  demonstrated  in 
clinical  studies  that  alteration  of  kind  and  amount  of  fat  in  the  diet  will 
affect  serum  cholesterol  levels,  and  while  past  epidemiologic  studies  have 
demonstrated  significant  correlation  between  serum  cholesterol  levels  and 
intake  of  saturated  fat  between  groups,  rarely  if  ever  has  this  been  demon- 
strated _wi_thin  free- living  groups  studied.   In  the  tripartite  study  of 
Japanese  men,  these  within-group  relationships  are  statistically  significant 
but  at  the  same  time  do  not  explain  more  than  a  small  per  cent  of  the 
variation  in  serum  cholesterol  levels  seen,  pointing  to  the  importance  of 
other  as  yet  unexplained  factors.   However,  the  findings  demonstrate  that 
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serum  lipid  levels  in  free- living  groups  can  be  affected  by  dietary  intake, 
and  indicate  the  public  health  importance  of  these  relatively  small, 
non- hazardous  changes  which  should  be  encouraged  in  the  national  diet 
pattern. 

Significance  to  the  Program  of  the  Institute;   An  unexpected  bonus  of 
these  dietary  studies  is  the  development  of  methodology  applicable  to 
newly- developing  programs  of  the  Institute.   Practical  experience  has  been 
accumulated  using  the  four  principal  dietary  interview  methods;  in  developing 
food  composition  tables  and  programs  for  dietary  data  processing;  in  formu- 
lating coding  rules;  and  in  application  of  epidemiologic  principles  to 
dietary  data  collection.   This  experience  is  now  useful  in  the  newly- developing 
MRFIT  program.   While  no  one  method  can  be  applied  directly  to  all 
projects  because  of  their  diverse  objectives  and  populations,  the  experience 
gained  provides  a  wealth  of  practical  information  on  advantages  and  disad- 
vantages of  each,  and  has  been  used  to  good  advantage  in  setting  up  the  MRFIT 
program. 

Proposed  Course;   Tripartite  Study  of  Japanese  Men  --  Analysis  based  on 
data  from  all  three  sites  is  now  under  way.   More  detailed  dietary  data 
(using  more  intensive  dietary  inter  view  methods  and  more  detailed  food 
composition  tables)  is  ready  for  within-cohort  analysis  in  the  Honolulu  Heart 
Study.   Food  samples  were  collected  from  the  three  areas  and  have  been 
analyzed  for  fatty  acid  content.   With  increased  interest  in  dietary 
methodology  as  NHLI' s  new  programs  expand,  it  should  be  possible  to  publish 
a  second  dietary  methodology  paper  containing  some  of  the  practical  infor- 
mation which  is  frequently  being  requested  by  other  NHLI- sponsored  groups  as 
their  studies  develop.   Puerto  Rico  Study  --  Analysis  of  data  from  the  first 
examination  cycle  is  in  progress;  publication  of  results  of  dietary  study 
should  be  possible  later  this  year. 

Dietary  data  from  both  major  research  projects  should  become  more 
valuable  as  CHD  incidence  data  accumulate. 
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Publications; 

Tillotson,  J.L.,  Kato,  H. ,  Nichaman,  M.Z.,  Miller,  D.C.,  Gay,  M.L. , 
Johnson,  K.G.  and  Rhoads,  G.G.:   Epidemiology  of  coronary  heart  disease 
and  stroke  in  Japanese  men  living  in  Japan,  Hawaii,  and  California: 
methodology  for  comparison  of  diet.   Am.  J.  Clin.  Nutr.   26:177-184, 
1973. 

Kato,  H. ,  Tillotson  J.L.,  Nichaman,  M.Z.,  Rhoads,  G.G.  and 
Hamilton,  H.B.:   Epidemiologic  studies  of  GHD  and  stroke  in  Japanese 
men  living  in  Japan,  Hawaii  and  California:  serum  lipids  and  diet. 
Am.  J.  Epid.   In  Press. 

Tillotson,  J.L.,  Kato,  H. ,  Nichaman,  M.Z.,  Miller,  D.C.,  Gay,  M.L., 
Johnson,  K.G.  and  Rhoads,  G.C.:   Epidemiological  studies  of  coronary 
heart  disease  and  stroke  in  Japanese  men  living  in  Japan,  Hawaii,  and 
California:  methodology  for  comparison  of  diet.   ABCC  Technical  Report 
27-72.   Japanese  National  Institute  of  Health  of  the  Ministry  of  Health 
and  Welfare. 

Kagan,  B.  ,  Harris,  B.R. ,  Winkelstein,  W. ,  Johnson,  K.G. ,  Kato,  H. , 
Syme,  S.L. ,  Rhoads,  G.G. ,  Gay,  M.L.,  Nichaman,  M.Z.,  Hamilton,  H.B. 
and  Tillotson,  J.L.:   Epidemiologic  studies  of  coronary  heart  disease 
and  stroke  in  Japanese  men  living  in  Japan,  Hawaii,  and  California: 
demographic,  physical,  dietary,  and  biochemical  characteristics. 
ABCC  Technical  Report  16-72.   Japanese  National  Institute  of  Health  of 
the  Ministry  of  Health  and  Welfare. 
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Project  Title:   Coordination  of  Cardio- Respiratory  Research 

Previous  Serial  Number:   None 

Principal  Investigator:   Albert  Roberts,  M.D. 

Other  Investigators:   None 

Man  Years: 

Total:  1.9 
Professional:  1.4 
Other:  .5 

Project  Description: 

Objectives:   To  investigate  the  prevalence,  incidence,  and  etiologic  and 
risk  factors  in  respiratory  disease-- in  particular,  but  not  exclusively, 
obstructive  respiratory  disease-- through  analyses  of  data  produced  by 
collaborative  studies  of  heart  disease  of  the  Clinical  Applications  and 
Prevention  Program,  and  through  development  of  new  investigations  in  the 
pulmonary  field. 

Methods  Employed:   The  data  generated  by  these  collaborative  studies  are 
reduced  to  a  common  format  and  subjects  classified  according  to  pulmonary 
function  tests  results  (after  Gaensler-Wright  standards  for  pulmonary 
impairment).   This  yields  three  main  categories:   a.  "Positive"  (moderate  and 
severe  obstructive  impairment),  b.  "Borderline"  (mildly  obstructive)  and 
c.  "Negative."   Further  subdivided  into  degrees  of  severity  the  three  cate- 
gories are  then  correlated,  by  age  groups,  to  medical  and  environmental  para- 
meters with  known  or  assumed  bearing  on  lung  disease.   The  standardized 
methodology  applied  to  these  studies  permits  individual  analysis  of  every 
population  group  and  their  direct  comparison  to  each  other. 

The  relationship  of  genetic  serum  o(,- antitrypsin  (AAT)  deficiency  and 
obstructive  lung  disease  is  a  major  subject  of  investigation  among  the 
Yugoslavian  and  Honolulu  study  populations.   While  the  causal  role  of  severe 
homozygous  AAT  defect  in  some  forms  of  pulmonary  emphysema  is  well  established, 
the  assumption  that  intermediate  degrees  (i.e.:  heterozygous)  of  AAT  deficiency 
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enhances  proneness  to  emphysema  is  lacking  proof.   Heterozygosity  can  only 
be  determined  by  means  of  phenotyping  which  has  proven  quite  complicated  in 
practice.   For  this  reason,  after  repeated  attempts  to  develop  local 
facilities  at  Honolulu  and  Beograd  it  was  decided  to  have  the  analyses  done 
instead  at  the  NHLI  (AAT)  Reference  Laboratory  at  Washington  University, 
St.  Louis,  Missouri. 

The  need  for  an  acceptable  identification  of  the  presence  or  absence 
of  pulmonary  emphysema  among  study  subjects,  both  in  Yugoslavia  and  Honolulu, 
required  that  local  pulmonary  physiology  laboratories  be  updated  to  perform 
lung  mechanics  and  gas  transfer  measurements.   This  was  successfully 
accomplished. 

Major  Findings;   Sera  from  2,000  subjects  from  Honolulu  Heart  Study 
were  screened  by  the  single  radial  immunodiffusion  m.ethod  of  Mancini.   200  of 
these  were  tentatively  phenotyped  at  the  Kuakini  Hospital  Research  Institute, 
which  reported  that  a  dozen  of  them  were  heterozygous  deficient.   On  repeat 
analyses,  however,  the  St.  Louis  Reference  laboratory  found  that  all  these 
serums  were  genetically  normal  instead.   It  has  been  noticed,  however,  that 
the  AAT  concentration  levels  and  antitrypsin  activity  of  these  "normal" 
serums  is  lower  than  those  found  among  Caucasians.   As  more  data  accummulate 
the  validity  of  these  observations  may  be  established. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
The  need  for  investigations  to  establish  the  prevalence  and  incidence  of 
obstructive  respiratory  disease  and  their  variation  according  to  ethnic 
factors  and  environmental  influences  has  been  repeatedly  recommended  by 
pulmonary  advisory  groups.   The  collaborative  studies  of  the  Clinical  Appli- 
cation and  Prevention  Program,  involving  large  populations  of  different 
stock  and  background  on  which  extensive  correlative  data  have  been  collected 
over  the  years,  offer  unique  opportunity  for  such  investigations.   These 
well  identified  population  groups  are  of  particular  usefulness  for  the  newer 
studies  of  genetic  factors  associated  with  lung  disease,  and  this  is  in 
accordance  with  the  Institute  Lung  Program' s  priorities  in  this  field. 

Proposed  Course;   1.   The  "Investigation  of  Etiologic  and  Risk  Factors 
in  Respiratory  Disease  Among  Yugoslavian  Populations"  supported  by  PL-480 
funds  is  now  in  the  second  year  of  operation.   This  study  involves  close 
collaboration  between  Yugoslav  investigators  and  NHLI  staff.   A  Workshop 
has  been  scheduled  in  October  1973  by  key  investigators  from  both  countries 
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1.  Respiratory  Disease 
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3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July    1,    1972  through  June  30,    1973 


to  review  initial  findings  and  make  any  necessary  refinements  on  the  study 
protocol.   A  Monograph  describing  this  project  and  its  methodology  is  now 
in  press. 

2.  The  Honolulu  respiratory  disease  study  will  be  pursued  as  planned. 
Pulmonary  data  collection  is  now  underway  as  part  of  the  3rd  Cardiovascular 
Examination,  and  serums  will  continue  to  be  analyzed  by  the  NHLI  Reference 
Laboratory  in  St.  Louis. 

3.  Puerto  Rico:   The  proposed  "pilot"  study  of  100  selected  cases 
with  airway  obstruction  on  which  sera  are  available,  and  agreed  to  in 
early  1972,  is  pending  implementation  by  Puerto  Rican  investigators. 

Publications: 


Kozarevic,  D. ,  Roberts,  A.  and  Pirc,  B. ;  "Prevalence  of  Chronic 
Obstructive  Lung  Diseases  Among  Rural  and  Urban  Populations  in  Two 
Different  Areas  of  Yugoslavia."   "Seminar  on  Ecology  of  Chronic 
Non-Specific  Respiratory  Diseases,"  Warsaw,  1972.   (Official 
Polish  Publication.) 

Kozarevic,  D.  and  Roberts,  A.:  "Respiratory  Diseases."  Investigation 
of  Etiologic  and  Risk  Factors.  Methodology.  In  press.  (Will  appear 
in  English  and  Serbo-Croatian  versions). 
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During  the  current  fiscal  year  there  have  been  a  series  of  personnel 
changes,  leading  to  a  net  decrease  in  BRB  personnel.   At  the  beginning  of 
the  fiscal  year,  Mr.  Rogot  and  his  group  (Charles  Sydenstricker ,  Adine  Laser 
and  Nancy  Walson)  were  transferred  to  the  Epidemiology  Branch  under  Dr. 
Feinleib  along  with  their  then  current  responsibilities  including  the  migrant 
study  and  the  V.A.  study  on  Tobacco  and  Health.   This  action  was  in  line  with 
the  need,  mentioned  in  last  year's  report,  to  redirect  the  efforts  of  Mr. 
Rogot' s  group  because  of  the  phasing  out  of  the  studies  mentioned  above.   Also, 
at  the  beginning  of  the  year,  Mr.  James  Neaton,  an  HSO  statistician  attached 
to  our  coordinating  center  for  trials  of  fibrinolytic  agents  in  treatment  of 
pulmonary  embolism  and  acute  myocardial  infarction,  left  to  take  a  job  in 
private  industry.   It  was  decided  to  leave  this  position  vacant  since  the 
coordinating  center  work  load  was  diminishing  and  phase-out  of  this  activity 
(as  noted  in  last  year's  report)  was  under  active  consideration.   In  October 
1972,    Mrs.  Myrna  Miles,  secretary  to  Mr.  Gordons  group  working  on  Framingham 
and  allied  data,  transferred  to  another  institute  and  Mrs.  Joyce  Schiffman, 
a  statistician  working  with  Mr.  Gordon,  resigned  to  move  to  another  geographical 
area.   In  November  1972,  Mrs.  Barbara  Cullinan,  a  statistical  clerk  in  the 
coordinating  center,  resigned  to  be  with  her  family;  due  to  the  decreasing 
load  of  work  no  replacement  was  contemplated.   Rosa  Johnson  joined  us  in 
December,  1972  as  a  replacement  for  Mrs.  Miles;  as  yet  no  replacement  has 
been  obtained  for  Mrs.  Schiffman,  but  such  replacement  appears  necessary  and 
is  planned;  her  work  responsibilities  in  the  Honolulu  and  Puerto  Rico  studies 
are  being  temporarily  discharged  by  Mr.  Gordon  and  Dr.  Frantz  Ashley. 
Christine  Cole,  mathematical  statistician,  who  supervised  our  coordinating 
center  activity,  resigned  in  December,  1972  to  accept  a  position  with  George 
Washington  University.   In  addition,  Morton  Raff,  who  was  a  valued  member 
of  our  statistical  consulting  group,  transferred  to  the  Bureau  of  Labor 
Statistics.   We  were  fortunate  in  being  able  to  add  Dr.  David  DeMets  to  our 
staff  as  partial  replacement  for  Mr.  Raff  and  Mrs.  Cole.   Dr.  DeMets,  an 
HSO,  had  completed  more  than  two  years  working  with  DCRT  and  had  an  excellent 
background  in  computer  science  and  its  applications  as  well  as  in  statistical 
consulting.   It  was  thus  possible  to  utilize  his  talents  in  our  consulting 
activity  and  as  supervisor  of  the  coordinating  center.   As  the  latter  activity 
phases  out,  it  is  anticipated  he  will  be  active  full  time  in  statistical 
consulting  and  research.   In  January,  1973,  Wayne  Fercho,  statistician- 
programmer  with  Mr.  Gordon's  group,  completed  his  two  years  as  an  HSO  and 
left  for  a  position  in  private  industry.   This  position  will  be  left  unfilled 
but  it  is  intended  that  the  proposed  replacement  (mentioned  earlier)  for 
Mrs.  Schiffman  perform  some  of  the  functions  of  this  position.   In  April, 
Mrs.  Pauline  Smith,  a  statistical  clerk  in  Mr.  Gordon's  office,  was 
reassigned  to  the  Office  of  the  Associate  Director  for  Clinical  Applications, 
HVD-NHLI.   Present  plans  call  for  her  replacement  by  a  within  branch  transfer 
of  an  individual  from  the  coordinating  center  activity.   In  this  connection, 
it  should  be  added  that  it  is  hoped  to  phase  out  full-scale  coordinating 
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center  activity  before  the  end  of  this  fiscal  year  and  to  transfer  coordinat- 
ing center  personnel  to  perform  needed  functions  in  either  BRB  or  elsewhere 
in  the  Office  of  the  Associate  Director  for  Clinical  Applications. 

As  a  final  personnel  note,  Marian  Fisher,  of  our  statistical  consulting 
group  received  her  Ph.D.  in  Mathematical  Statistics  from  George  Washington 
University  in  August  1972  and,  at  the  same  time,  Marthana  Hjortland,  of 
Mr.  Gordon's  group,  was  awarded  the  Ph.D.  in  Biostatistics  from  the  University 
of  Minnesota. 

As  indicated  earlier,  the  coordinating  center  activity  for  various  trials 
of  fibrinolytic  agents  is  now  in  its  terminal  phase.   Over  the  past  year 
focus  of  activities  has  been  on  the  UPET  (Urokinase  Pulmonary  Embolism  Trial) , 
a  pilot  phase  of  SUMIT  (Streptokinase-Urokinase  Myocardial  Infarction  Trial) 
and  USPET  (Urokinase-Streptokinase  Pulmonary  Embolism  Trial) .   The  UPET  work 
included  preparation  of  a  monograph  describing  the  methods  and  results  of 
the  trial  (published  April,  1973,  as  a  supplement  to  Circulation)  and 
preparation  and  documentation  of  data  tapes  for  storage;  this  work  is  complete. 
The  SUMIT  pilot  phase  was  intended  to  investigate  the  feasibility  of  a  large 
scale  trial  of  the  use  of  thrombolytic  agents  in  treatment  of  acute  MI  and 
accumulated  data  on  107  patients.   Data  processing  to  reduce  these  data  to 
computer  usable  form  was  completed  about  December,  1973  and  the  computer 
file  has  been  transferred  to  Professor  J.  Cornfield  of  George  Washington 
University,  who  will  have  coordinating  center  responsibility  if  SUMIT  is 
Implemented.   The  objective  of  USPET  was  to  compare  Streptokinase  and  two 
levels  of  Urokinase  in  treatment  of  pulmonary  emboli  in  terms  of  rapidity  of 
resolution.   At  this  writing  this  trial  has  recruited  176  patients  and  it 
appears  clear  that  no  treatment  differences  will  emerge.   The  trial  is 
scheduled  for  termination  June  30,  1973  and  BRB  staff  are  phasing  out  of 
full  time  effort  for  this  activity.   It  is  planned  that  remaining  coordinating 
center  personnel  will  be  utilized  elsewhere  in  BRB  or  Clinical  Applications 
with  ad  hoc  attention  being  given  to  the  final  phase  of  USPET  activity  as 
needed. 

Mr.  Gordon's  group  continues  to  provide  statistical  services  and  to 
cooperate  in  the  preparation  of  papers  and  other  research  products  with 
the  Puerto  Rico  Epidemiologic  Study  of  Coronary  Atherosclerosis,  the 
Framingham  Study,  and  the  studies  in  Honolulu,  Israel,  and  Yugoslavia.   In 
connection  with  the  Puerto  Rico  work  a  paper  has  been  prepared  and  presented 
explaining  rural-urban  differences  in  serum-lipids  among  males  born  in  the 
1900-1919  period  and  a  variety  of  papers  are  being  prepared  analyzing  data 
on  the  first  examination  cycle.   Two  full  examination  cycles  are  now  complete 
and  a  limited  third  cycle  has  been  started.  A  major  current  effort  with 
respect  to  Framingham  is  on  the  preparation  of  four  further  monograph 
sections  (there  are  now  28)  and  analyses  of  new  data  on  menopause,  congestive 
heart  failure  and  cigarette  smoking.   An  overall  comparison  of  results  from 
all  studies  mentioned  above  has  culminated  in  a  draft  manuscript  the  major 
findings  of  which  were  presented  at  an  AHA  meeting.  Among  other  things, 
the  comparison  showed  that  the  CHD  death  rate  in  Framingham  was  twice  that 
in  Puerto  Rico  and  four  times  that  for  Honolulu  Japanese.   With  respect  to 
the  three  risk  factors  for  CHD  incidence,  blood  pressure,  serum  cholesterol 
and  cigarette  smoking,  these  quantities  were  consistently  related  to  CHD 
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incidence  in  the  three  studies  with  the  single  exception  that,  in  Puerto  Rico, 
cigarette  smoking  was  not  implicated  as  a  risk  factor.   Population  differences 
in  the  characteristics  just  mentioned  did  not  appear  to  explain  the  excess 
incidence  in  Framingham. 

In  addition  to  the  above,  Mr  Gordon  has  provided  valuable  assistance  in 
both  the  pre —  and  post —  RFP  phases  of  planning  for  the  Multiple  Risk  Factor 
Intervention  Trial  (MRFIT)  while  Mr.  Gordon  and  Mr.  Daniel  McGee  have  under- 
taken to  edit  and  tabulate  the  data  from  the  NHLI  Cooperative  Lipoprotein 
Phenotyping  Study  involving  six  centers.   Substantial  progress  has  been  made 
and  this  effort  should  be  completed  during  next  fiscal  year.  Mr.  Thomas  Thom, 
of  Mr.  Gordon's  group,  has  continued  to  provide  new  and  updated  data  on 
morbidity  and  mortality  for  program  planning  and,  in  particular,  worked 
closely  with  the  Task  Force  on  the  Artificial  Heart  and  the  President's 
Panel  on  Heart  Disease  in  developing  appropriate  statistical  bases  for  their 
reports  and  participating  in  the  writing  of  some  sections  of  the  reports. 

The  statistical  consulting  group  has  enjoyed  marked  growth  in  its 
intramural  consulting  activities  ^ome  of  which  will  be  mentioned  briefly 
later)  and  expansion  of  involvements  in  the  clinical  trials  area  outside  of 
those  under  the  aegis  of  the  Associate  Director  for  Clinical  Applications, 
NHLI.   In  the  latter  area.  Max  Halperin  and  Tavia  Gordon  continue  to  be 
heavily  involved  in  the  ongoing  planning  activities  for  the  Multiple  Risk 
Factor  Intervention  Trial,  Max  Halperin  continues  to  work  closely  with  the 
project  officers  and  other  staff  of  the  Hypertension  Detection  and  Follow- 
up  Program,  and  William  Friedewald  and  Max  Halperin  continue  to  engage  in 
the  many  committee  activities  of  the  Coronary  Drug  Project. 

In  clinical  trials  outside  the  clinical  applications  area,  William 
Friedewald  and  Joel  Verter  continue  to  participate  in  data  reviews  and 
committee  meetings  in  connection  with  three  trials  in  the  Sickle  Cell  Anemia 
area  evaluating  bicarbonate  and  urea  in  the  amelioration  of  vaso-occlusive 
crises,  as  well  as  providing  technical  assistance  on  specific  statistical 
problems  as  they  arise.   The  demands  of  this  work  have  expanded  since  there 
are  now  three  trials  rather  than  a  single  trial  which  demand  attention.   Dr. 
Friedewald  and  Dr.  Marian  Fisher  are  involved  in  similar  activities  with  a 
series  of  trials  under  the  Blood  Resources  Branch  involving  comparison  of 
high  and  low  titer  hyper-immune  y-globulins  in  preventing  development  of 
hepatitis  in  certain  settings  (accidental  inoculations,  in  Renal  Dialysis 
units,  in  the  case  of  multiple  blood  transfusions  during  open  heart  surgery); 
they  are  also  involved  with  another  Y~glot)ulin  trial  comparing  globulin  with 
i.v.  albumin  in  terms  of  mortality  in  acute  fulminant  hepatitis.  Marian  Fisher 
and  Bill  Friedewald  continue  to  direct  DCRT  data  processing  for  the  ongoing 
NHLI  Type  II  intervention  study  which  is  comparing  a  cholestyramine  and  diet 
regimen  with  a  diet  regimen  in  the  treatment  of  Type  II  indviduals  on  the 
bases  of  comparative  regression  or  progression  of  coronary  disease  as  judged 
by  serial  coronary  angiography.   Our  responsibility  in  this  study  includes 
data  analysis  and  organizing  and  compiling  of  periodic  reports  for  committees 
of  the  study.  There  are  five  or  six  other  trials  most,  but  not  all,  in  the 
NHLI, in  the  planning  stage  or  actively  initiated  in  which  one  or  more  of 
Dr.  Friedewald,  Dr.  DeMets,  Dr.  James  Ware  and  Joel  Verter  are  active 
participants.   It  should  be  remarked  that  a  great  deal  of  this  clinical 
trials  activity  had  been  planned  to  be  the  main  responsibility  of  a  Clinical 
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Trials  Branch  which  up  to  now  has  been  a  paper  entity.   Dr.  Friedewald  has 
been  named  to  become  Chief  of  this  branch  and  it  is  planned  that  to  optimize 
use  of  personnel  and  broaden  their  experience  most  consulting  statistical 
personnel  will  have  joint  assignments  to  both  branches,  including  Dr. 
Friedewald  and  Dr.  Halperin.   We  believe  that  the  growth  in  activity  may 
well  be  such  as  to  justify  addition  of  more  statistical  personnel  even  after 
the  return  this  fall  of  William  Blackwelder,  currently  in  graduate  training 
in  statistics  at  the  University  of  North  Carolina.   Among  other  things, 
statistical  research  activity,  an  essential  part  of  our  function,  has  been 
reduced  because  of  growth  in  our  intramural  consulting  and  clinical  trials 
activity.   Some  particular  roles  in  the  clinical  trials  area  will  be  noted 
later  in  this  report  relating  to  outside  activities  of  Branch  personnel. 

James  Ware  and  Max  Halperin  are  continuing  their  efforts  to  provide 
improved  methods  for  analysis  of  long-term  clinical  trials  including 
procedures  to  allow  early  stopping  of  trials  on  a  valid  statistical  basis 
as  well  as  more  powerful  methods  than  currently  available  for  post-hoc  analysis 
of  survival  data.   The  work  mentioned  last  year  on  the  first  topic  (early 
stopping)  has  now  been  completed  for  the  case  where  mortality  from  any  cause 
is  the  main  endpointof  the  trial  and  has  been  submitted  for  publication  in 
a  statistical  journal.   The  methods  developed,  although  superficially  quite 
conservative  in  assessment  of  data,  appear  of  considerable  potential  value 
and,  indeed,  have  already  proved  useful  in  deliberations  of  the  Coronary  Drug 
Project  concerning  elimination  of  a  treatment  regimen.   It  is  hoped  to  extend 
this  work  further  to  the  case  of  competing  risks  of  death  (e.g.  where  CHD 
death  is  the  main  endpoint  so  that  other  causes  of  death  are  competing  risks) 
as  well  as  the  case  of  non-fatal  endpoints.   Joel  Verter  has  initiated  some 
efforts  in  this  area  but  has  no  results  as  yet.   There  is  good  reason  to 
believe,  however,  that  useful  results  can  be  obtained. 

Joel  Verter  has  been  working  with  Fred  Ederer  of  NEI  on  the  analysis  of 
a  massive  bank  of  data  from  the  Veteran's  Administration  records  to  shed 
some  light  on  the  value  of  aspirin  in  preventing  thromboembolisms.   This 
work  was  initiated  by  Mr.  Ederer  while  he  was  with  NHLI.   The  study  consists 
of  two  parts,  one  comparing  a  group  of  men  with  a  history  of  thromboembolism 
discharges  from  VA  hospitals  with  several  groups  with  different  discharge 
history  and  comparing  the  proportion  of  arthritiis  in  the  various  groups. 
If  aspirin  is  preventative,  one  would  expect  the  proportion  of  arthritics 
in  the  thromboembolism  group  to  be  relatively  small.   This  is  in  fact  the 
case.   The  other  part  of  the  study,  still  imcomplete,  compares  hospital 
histories  for  a  group  of  arthritics  with  histories  for  various  groups  of 
non-arthritics  with  respect  to  the  proportion  with  a  history  of  thrombo- 
embolism at  discharge.   Here,  if  aspirin  is  preventative,  one  would  expect 
a  relatively  small  proportion  of  individuals  with  history  of  throm.bo embolism 
among  the  arthritics. 

As  in  past  years,  a  book  seminar  has  been  carried  on  by  the  Biometrics 
Research  Branch  in  cooperation  with  the  Epidemiology  Branch.   This  year's 
topic  was  mathematical  models  in  biology.   James  Ware  continued  to  share 
responsibility  with  James  Schlesselman  of  NICHD  for  organizing  the  NIH 
Mathematical  Statistics  and  Probability  Seminars. 
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The  remainder  of  this  narrative  gives  a  number  of  examples  of  the 
consultation  activity  of  the  branch  and  a  listing  of  publications  and  other 
activities.   It  will  be  noticed  that  the  publication  list  is  sparse,  to  say 
the  least.   This  is  mainly  reflective  of  the  fact  of  increasing  service 
activity  which  has  resulted  in  a  number  of  joint  papers  properly  reportable 
by  other  NHLI  or  NIH  groups  and  in  only  modest  availability  of  time  for 
research  initiated  within  the  Branch. 
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Consultation 

William  Friedewald  consulted  with: 

-Dr.  Conrad  Blum,  NHL1~LMB,  and  Dr»  Richard  Havlik,  NEI,I-=LMB,  on  design 
aspects  for  the  Lipid  Research  Clinics,  Type  Il-Intervention  Study 
evaluating  cholestyramine  in  the  prevention  of  CHD. 

-Dr.  Sheila  Mitchell,  NHIJ-H,  on  analysis  of  several  epidemiological 
studies  involving  pediatric  populations  and  the  natural  history  of 
hypertension, 

-Dr.  David  Horowitz,  KELI-ET,  on  analysis  of  the  degree  of  correlation 
between  the  enz3n[ne,  dopamine  beta-bydroxylase,  and  systolic  blood  pressure, 
diastolic  blood  pressure  and  age. 

-Ms.  Catherine  Delea,  NHLI~GE,  and  Dr.  Walter  Meyer,  Johns  Hopkins 
University,  on  the  analysis  of  changes  in  collagen  content  of  skin  after 
the  administration  of  173-Estradiol  in  cysteinuric  patients  on 
penicillamine . 

James  Ware  consulted  with: 

-Dr.  Jorge  Perez-Cruet,  NIMH-LCS,  on  the  development  of  compartmental 
models  for  analysis  of  data  obtained  from  cerebrospinal  fluid  subsequent 
to  pulse  injection  of  labeled  amino  acids  in  human  subjects.   The  method 
will  be  used  to  determine  monoamine  synthesis  rates  in  humans. 

-Dr.  Robert  Goldstein,  NHLI-C,  on  analysis  of  EKG's  from  arrhythmic  and 
digitalis  toxic  patients  to  develop  a  statistical  model  of  arrhythmia 
which  can  be  used  in  the  coronary  care  unit  to  monitor  arrhythmic 
patients  for  digitalis  toxicity. 

-Dr.  Sam  Itscoitz,  NHLT-C,  on  comparison  of  various  indices  of  heart 
function  pre  and  post  coronary  by-pass  surgery  in  patients  with  patent 
bypass  vein  graphs  and  subjects  with  occluded  bypass  vein  graphs. 

-Mr.  Thomas  Olszewski,  NHLI-LB,  on  the  design  of  an  experiment  to 
standardize  a  particle  counter  so  as  to  obtain  prespecified  measurement 
error . 

Marian  Fisher  consulted  with: 

-Dr.  Thomas  Chalmers,  CC-Dir,  on  development  of  a  model  to  evaluate  the 
effectiveness  of  various  proposed  screening  methods  to  eliminate  the 
carriers  of  hepatitis  B  antigen  from  the  blood  donor  population —  a 
simulation  and/or  Monte  Carlo  approach  is  being  considered. 
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-Dr.  John  Brensike,  NHLI-MEi  analysis  of  results  from  two  different 
instrument  activators  for  measurement  of  CPK. 

-Dr.  John  Brensike  and  Dr.  Robert  Levy,  NHLT-HV-LM,  analysis  of  beta 
cholesterol  values  for  normal  individuals  by  age  group  to  determine 
the  probable  range  of  normal  variation. 

David  L.  DeMets  consulted  with; 

-Dr.  Richard  Sherrins,  NCHD-RRB,  and  Dr.  D,  L,  Loriaux,  NCHD-RRB  on 
the  analysis  of  data  related  to  the  function  of  Leydig  cells  in  patients 
with  disorders  of  seminiferous  tubule,  germinal  cell  cysplasia, 
Klinefelter ' s  syndrome,  and  severe  germinal  cell  arrest.  Five  steroids 
or  hormones  were  measured  before  and  after  four  days  of  HCG  administra- 
tion. Analysis  was  performed  to  detect  differences  in  the  hormones 
brought  about  by  the  HCG. 

-Dr.  Richard  Sherrins,  NCHD-RRB;  An  extensive  amount  of  data  has  been 
collected  on  males  with  various  degrees  of  infertility  as  well  as  on 
normal  males.   Several  hormones  are  measured  from  blood  and  urine 
samples.   In  addition,  several  sperm  counts  are  obtained  from  each 
patient.  This  data  is  being  analyzed  to  determine  which  factors,  if 
any,  which  have  been  measured,  contribute  to  the  infertility  problem. 
Other  indices  such  as  individual  variability  in  sperm  count  are  being 
considered. 

Joel  Verter  consulted  with: 

-Dr.  Toby  Simon  and  Dr.  Edward  Black,  H-NBRB,  to  design  a  study  that 
would  attempt  to  determine  whether  or  not  aspirin  has  a  beneficial 
effect  in  preventing  post-operative  thromboembolism.   Current  work 
includes  selecting  an  appropriate  sample  from  the  Veterans  Administra- 
tion data  set  being  used  in  NHLI-BRB. 

-Dr.  Michael  Beaver,  H-ET  and  Dr.  Ronald  Krauss,  H-MD,  to  determine 
if  the  response  of  plasma  histaminase  to  heparin  was  different  among 
normal  subjects  and  groups  with  lipoprotein  typed  abnormalities. 

-Dr.  Ronald  Krauss,  H->tt),  to  determine  normal  limits  on  post-heparin 
triglyceride  lipase  activity  in  normal  subjects  on  different  diets. 

-Mr.  Eugene  Rogot,  H-HVEP,  to  assist  in  the  production  of  life  tables 
needed  in  the  analysis  of  the  Veterans  Administration  Smoking  Study. 
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"Dre  Robert  Goldstein,  H-C,  on  analysis  of  data  to  detenjiine  whether 
or  not  resistance  to  blood  flow  in  people  undergoing  cardiac  by-pass 
surgery,  was  dependent  on  the  age  of.  their  collaterals. 

-Dr„  Harriet  feling,  H-LCP,  to  determine  the.  relative  potency  in  mice, 
between  pairs  of  various  drugs.,  admiaistered  at  specific  temperatures 
acid  obser^/ed  for  a  given  Isngtb  of  time. 

-Dr.  Neil  Stoae,  EflD  and  Dr.  R.obert  Levy,  Bill),  on  the  analysis  of 
coronary  artery  disease  in  Type  II  hyperlipoproteinemi.a.  This  involved  - 
the  stwdy  of  116  kindreds  with  a  total  of  1403  relatives.  Methods  used 
included  life,  table  analysis ,  eoatlngemey  tables,  and  logistic  analysis. 
This  work  has  resulted  i.n  joint  authorship  on  two  papers  (possibly  more) 
being  prepared  for  pisblication, 

Marian  Fisher  and  Wi.lliam  Friedswald  consulted  with: 

-Dr.  Ralph  Marcus,  KIAJiD-LEP,  on  dat,a  analysis  to  evaluate  the  differences 
between  fibrocytes  and  chrondocyte.s  at  varying  oxygen  tensj.ons  with 
respect  to  glvjcose  consumption,  lactic  acid  production,  SO,  incorporation, 

and  levels  of  14  different  enz^naes. 

-Dr.  Kenneth  Lippel,  HHLI-HV-LM,  comparison  of  various  blood  chemistry 
measurements  as  obtained  froE  two  different  laboratories  and  from  the 
same  laboratory  at  two  separate  points  in  time, 

-Dr.  Jeffrey  Borer,  NHLI-C,  evaluation  of  the  effect  of  nitroglycerine 
and  methoxamine  on  the  incidence  of  ventricular  fibrillation  in  male 
mongrel  dogs  following  acute  coronary  occlusion. 

-Dr.  Ronald  Krauss  and  Dr.  Robert  Levy,  NHLI-HV-LM,  analysis  of  data 
on  two  lipase  isoenzymes  measured  on  normal  patients  and  patients  in 
five  disease  groups  to  determine  whether  the  disease  groups  are 
statistically  different  from  the  normal  group  and  whether  they  vary 
with  age  and  sex. 

-Dr.  Thomas  Chalmers,  CC,  and  Dr.  Charles  Trey,  Boston  University,  to 
analyze  data  collected  over  several  years  in  a  uniform  manner  on 
patients  around  the  world  with  acute  fulminant  hepatitis.   Attempts 
have  been  made  to  identify  the  factors  at  the  time  of  admission  to  the 
hospital  which  relate  significantly  to  subsequent  mortality  and  also 
to  evaluate  the  effects  of  various  treatments. 
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David  DeMets  and  William  Friedewald  consulted  with: 

-Dr.  James  Roche,  NHLI-BRB,  on  the  analysis  of  data  collected  from  a 
collaborative  study  undertaken  by  different  laboratories  to  investigate 
the  ability  of  8  leading  procedures  for  detecting  the  presence  of  the 
hepatitis  B  antigen  in  serum. 

James  Ware  and  William  Friedewald  consulted  with: 

-Dr.  Robert  Ringler,  NHLI-Dir,  on  the  theoretical  determination,  on 
the  basis  of  a  simple  model,  of  the  frequency  with  which  sickle  cell 
anemic  subjects  should  receive  blood  dialysis  to  maintain  a  proportion 
of  normal  cells  exceeding  a  specified  proportion  under  various  assump- 
tions on  the  rate  of  production  and  lifetime  of  sickled  cells  and  the 
restorative  effect  of  dialysis. 

-Dr.  Sid  Stein,  C-I,  on  quantitative  comparative  bioassay  of  the 
immunoglobulin  pools  of  NIH  and  the  World  Health  Organization  to 
determine  their  relative  potencies. 

-Dr.  Harold  Newball,  NHLI-E,  Dr.  John  Decker,  NIAID-EP,  and  Dr.  Sol  Katz, 
Georgetown  University  on  the  design  of  a  clinical  trial  to  evaluate  the 
therapeutic  effectiveness  of  cyclophosphamid  in  diffuse  interstitial 
pulmonary  fibrosis.   Arrangements  have  also  been  made  to  monitor  the 
data  as  they  are  collected  and  to  do  periodic  analysis  as  warranted. 

Joel  Verter  and  William  Friedewald  consulted  with: 

-Dr.  Ronald  Krauss,  HMD,  and  Dr.  Richard  Shulman,  HMD,  to  analyze  data 
collected  in  a  study  to  determine  the  effect  of  atromid-s  on  cholesterol 
and  triglyceride  levels  in  persons  with  Type  III  hyperlipoproteinemia. 
They  are  also  investigating  the  feasibility  of  a  future  study  in  which 
the  effect,  if  any,  of  removing  people  from  the  stromid  protocol  is  to 
be  estimated. 

David  DeMets  and  Marian  Fisher  consulted  with: 

-Dr.  Mark  H.  Zweig  and  Dr.  Colin  F.,  Chignell,  NHLI-LCP,  on  the  inter- 
action 'of  seventeen  colchicine  analogs,  vinblastine  and  podophyllotoxin 
with  rat  brain  microtubule  protein  as  measured  by  their  ability  to  displace 
labelled  H-colchicine.   By  studying  the  competitive  binding  results  of 
the  analogs  some  indication  of  the  importance  of  the  side  chains  in  the 
binding  mechanism  of  colchicine  to  the  microtubule  protein  was  obtained. 


HV  BR  9 


PHS-NIH 
July  1,  1972  through  June  30,  1973 
National  Heart  and  Lung  Institute 
Clinical  Applications 
Biometrics  Research  Branch 

Marian  Fisher  and  David  L.  DeMets  consulted  : 

-Dr.  James  Roche,  NHLI-NBRB,  on  a  collaborative  study  among  three  medical 
centers  to  determine  if  a  radio-immuno  assay  test,  Ausria  TM,  would  reduce 
the  incidence  of  post-transfusion  Type  B  viral  hepatitis.  Data  for  204 
patients  was  received  and  analyzed  for  differences  in  the  incidence  of 
hepatitis  (Type  B)  and  serological  response  in  those  who  received  blood 
tested  by  the  new  radio-immuno  assay  technique.   Rates  were  statistically 
significant. 

William  Friedewald,  David  DeMets  and  Morton  Raff  consulted  with: 

-Drs.  Robert  Henkin  and  Paul  Schecter,  NHLI-ET,  on  continued  analysis 
of  data  obtained  from  a  double-blind  study  of  the  effect  of  zinc  ion 
disorders  of  taste  and  smell. 

As  a  further  note  on  consultation  activity,  it  should  be  mentioned  that 
BRB  personnel  including  Joel  Verter,  Dr.  Friedewald,  and  Morton  Raff  were 
co-authors  on  four  papers  with  investigators. 


HV  BR  10 


Publications ; 


PHS-NIH 
July  1,  1972  through  June  30,  1973 
National  Heart  and  Lung  Institute 
Clinical  Applications 
Biometrics  Research  Branch 


Kullback,  S.,  Fisher,  M. ;   Partitioning  Second -Order  Interaction.  Applied 


Statistics 


In  press. 


Ware,  J.  H. :   Fitting  Straight  Lines  When  Both  Variables  are  Subject  to 
Error  and  the  Ranks  of  the  Means  are  Known.   Journal  of  the  American 
Statistical  Association,  67:   891-897,  1972. 


Most  of  this  work  was  done  elsewhere. 
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Unpublished  Papers  and  Talks 

Fisher,  M.  :   An  Application  of  Minimum  Discrimination  Information  Estimation, 
Ph.D.  dissertation,  George  Washington  University. 

Halperin,  M. :   Issues  of  Statistical  Inference  in  Long-Term  Clinical  Trials. 
An  invited  talk  given  at  the  meeting  of  Cancer  Clinical  Investigation 
Research  Branch  coordinating  centers  in  Madison,  Wisconsin  in  September, 
1972  and  as  a  seminar  at  the  State  University  of  New  York  at  Buffalo  in 
November,  1972. 

Halperin,  M.  and  Ware,  J.:   Early  Decision  in  a  Censored  Two  Sample  Wilcoxon 
Test;  a  paper  submitted  for  publication  to  the  Journal  of  the  American 
Statistical  Association. 

Simon,  T.  L. ,  Ware,  J.  H.,  and  Stengle,  J.  M. :   Clinical  Trials  of  Thrombolytic 
Agents  in  Myocardial  Infarction;  a  paper  submitted  to  the  Annals  of  Internal 
Medicine. 

Ware,  J.  H. :   Early  Stopping  in  a  Censored  Wilcoxon  Two  Sample  Test;  an 
invited  talk  given  at  the  Annual  Meeting  of  the  American  Statistical 
Association,  August  14,  1972,  and  as  seminars  at  the  University  of  North 
Carolina  in  September,  1972  and  with  Dr.  Halperin  at  the  Pennsylvania  State 
University  in  October,  1972  and  to  the  Division  of  Epidemiology  and  Bio- 
statistics,  Department  of  Preventive  Medicine,  University  of  Maryland,  in 
early  1973. 

Ware,  J.  H.:   A  survey  of  Recent  Work  Toward  Early  Termination  of  Clinical 
Trials;  a  seminar  at  the  State  University  of  New  York  at  Buffalo. 

Ware,  J.  H. :   Sequential  Analysis  of  Censored  Survival  Data;  an  invited  talk 
presented  to  the  methodology  section  of  the  Washington  Statistical  Society, 
April,  1973. 
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Participation  in  Outside  Committees  and  Organizations 

David  DeMets: 

-served  as  a  referee  for  the  Journal  of  the  American  Statistical  Association 

William  Friedewald: 

-served  as  a  member  of  the  Data  and  Safety  Monitoring  Committee  and  the 
Natural  History  Committee  of  the  Coronary  Drug  Project. 

-served  as  a  member  of  the  Urokinase-Streptokinase-Pulmonary  Embolism 
Trial's  Advisory  Committee  for  Statistical  Analysis. 

-served  as  a  member  of  the  Governing  Board  of  the  Southeastern  Sickle  Cell 
Anemia  Trial  and  as  a  member  of  the  NHLI  Policy  Board  for  the  Sickle  Cell 
Anemia  Trials. 

-served  as  a  member  of  the  Data  and  Safety  Monitoring  Committee  and  the 
Policy  Board  for  four  trials  being  done  under  contract  to  the  Blood  Resources 
Branch;  these  are  trials  of  Hyperimmune  yGlobulin  in  Acute  Fulminant 
Hepatitis,  in  the  prevention  of  hepatitis  from  accidental  inoculations,  in 
the  prevention  of  hepatitis  among  patients  and  staff  of  Renal  Dialysis  Units 
and  in  the  prevention  of  hepatitis  following  multiple  blood  transfusions 
during  open  heart  surgery. 

-served  as  a  member  of  the  Data  and  Safety  Monitoring  Board  of  the 
intramural  Type  II  Coronary  Intervention  Study. 

-served  as  a  member  of  an  Ad  Hoc  Review  Committee  of  a  proposal  to  NHLI  to 
establish  an  economic  and  sociological  ranking  system  for  grant  proposals. 

-served  as  a  member  of  the  Lipid  Research  Clinics  Site  Visit  Team  to  the 
coordinating  Center  at  the  University  of  North  Carolina. 

-served  as  a  member  of  the  Advisory  Committee  for  responses  to  an  RFP  put 
out  by  NEI  to  evaluate  the  significance  of  a  new  method  for  early  detection 
of  retinal  changes  in  glacoma. 

-served  as  a  referee  for  the  Annals  of  Internal  Medicine. 

-served  as  the  NHLI  representative  to  the  meeting  of  Coordinating  and 
Collaborating  Centers  of  the  Exercise  and  Heart  Disease  Study  funded  by 
Social  Rehabilitation  Services  of  HEW. 
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Tavia  Gordon: 

-served  on  the  AHA  Pooling  Project  Committee. 

-served  on  the  Multiple  Risk  Factor  Intervention  Trial  Design  and  Analysis 
Committee  and  as  an  alternate  member  of  the  Steering  Committee. 

Max  Halperin: 

-served  as  an  Associate  Editor,  Journal  of  the  American  Statistical 
Association. 

-served  as  Chairman,  Committee  on  Fellows,  Washington  Statistical 
Association,  and  1973  Program  Chairman  for  the  Biometrics  Section. 

-served  as  a  member  of  the  statistical  sub-committee  of  the  Advisory 
Committee  to  the  Cancer  Clinical  Investigations  Research  Branch. 

-serves  as  a  member  of  the  FDA  Biometric  and  Epidemiological  Methodology 
Committee. 

-served  as  a  member  of  the  Steering  Committee,  Data  Analysis  and  Safety 
Monitoring  Committee  and  Resource  Committee  of  the  Coronary  Drug  Project. 

-served  on  the  Hyp-ertension  Detection  and  Follow-up  Program's  Steering 
Committee. 

-served  on  the  Multiple  Risk  Factor  Intervention  Trial  Steering  Committee 
and  as  an  alternate  to  the  Design  and  Analysis  Committee. 

Joel  Verter: 

-served  as  a  statistical  consultant  to  the  Southeast  Group  of  the  Sickle 
Cell  Anemia  Clinical  Trial. 

-served  as  referee  for  Journal  of  the  American  Statistical  Association. 

James  Ware: 

-served  as  a  referee  for  the  Journal  of  the  American  Statistical 
Association. 

-served  as  a  statistical  advisor  for  the  Streptokinase  Urokinase  Myocardial 
Infarction  Trial. 
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1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   Statistical  Problems  Related  to  the  Cooperative  Study  of 
Drugs  and  Coronary  Heart  Disease 

Previous  Serial  Nvucber:   Same 

Principal  Investigators:  James  Ware  and  Max  Halperin 

Other  Investigators:  None 

Cooperating  Units:   None 

Man  Years: 


Total: 

.50 

Professional: 

.50 

Others: 

0 

Project  Description: 

Objectives:   To  provide  statistical  methods  for  the  analysis  of  long- 
term  clinical  trials  like  the  Coronary  Drug  Project,  alternative  to  those  so 
far  proposed.   A  special  focus  of  the  project  is  an  attempt  to  provide 
criteria  allowing  the  conclusion,  during  the  course  of  the  trial,  that  on 
a  purely  statistical  basis  one  or  more  treatments  or  placebo  should  be 
terminated.   The  basis  for  such  a  conclusion  would  be  that  a  statistically 
significant  result  for  particular  treatment  placebo  comparisons  at  the  end 
of  the  trial  is  very  likely  or  contrariwise  very  unlikely.  An  aspect  of 
the  method  being  considered  differentiating  it  from  others  is  that  the 
decision  to  terminate  a  treatment  or  the  placebo  is  based  upon  both  the 
accumulated  data  and  projections  of  what  can  reasonably  be  expected  by  the 
end  of  the  trial. 

Methods  Employed:   The  basic  ideas  and  methodologies  involved  in  this 
problem  are  not  new.   In  a  situation  where  it  can  be  argued  that  every 
individual  will  suffer  the  event  of  interest  and  the  trial  can  continue 
until  this  happens,  the  question  of  early  stopping  has  been  investigated  by 
other  workers.   They  have  demonstrated  that  marked  savings  in  the  total 
number  of  events  required  (and  thus  time)  can  be  achieved.  Our  investigation 
is  an  attempt  to  generalize  the  procedure  to  a  setting  in  which,  even  if  the 
trial  continues  to  the  end,  only  a  fraction  of  the  individuals  at  risk  will 
have  the  event.  Methods  of  classical  mathematics  and  theoretical  statistics 
are  the  essential  tools. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Major  Findings:   For  the  case  of  comparison  of  two  cohorts  and  assuming 
an  event  certain  to  occur,  e.g.  death,  an  experimental  design  has  been 
developed  and  its  properties  derived,  as  discussed  in  detail  in  the  previous 
annual  report.   These  results  have  been  submitted  for  publication  (Halperin, 
M.  and  Ware,  J.  H. :   Early  Termination  in  a  Censored  Two  Sample  Test, 
submitted  to  the  Journal  of  the  American  Statistical  Association) .   We  have 
also  shown  that  the  accumulating  survival  experience  in  a  clinical  trial  with 
two  cohorts  can  be  regarded  as  a  stochastic  process  v/hich,  when  both  groups 
are  subject  to  the  same  risk,  is  approximately  equivalent  to  the  Wiener  process. 
This  result,  if  extended  to  the  case  when  two  groups  are  at  different  risks, 
will  make  it  possible  to  analyze  accumulating  survival  data  in  some  large  sample 
situations  by  the  methods  of  classical  sequential  analysis. 

Recently,  we  have  begun  work  on  the  development  of  an  experimental  design 
for  early  termination  of  a  clinical  trial  in  which  subjects  are  admitted  over 
an  extended  period.   To  date,  no  satisfactory  method  for  post  hoc  analysis 
of  survival  data  from  this  type  of  trial  has  been  reported,  and  our  preliminary 
work  has  suggested  that  this  methodology  can  be  developed. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
It  is  hoped  that  this  research  will  result  in  methodology  which  will  increase 
the  ability  of  statisticians  to  detect  situations  in  which  accumulating  data 
justified  the  early  termination  of  clinical  trials.   From  both  the  economical 
and  ethical  standpoints,  earliest  possible  termination  of  clinical  trials  will 
significantly  contribute  to  the  effectiveness  of  the  clinical  trials  conducted 
at  NIH  and  elsewhere. 

Proposed  Course: 

Work  is  currently  focused  on  the  development  of  the  statistical  distribu- 
tion theory,  more  appropriate  or  sensitive  or  both  than  presently  available 
methods,  for  post  hoc  analysis  of  survival  data  from  clinical  trials  in  which 
subjects  have  differing  periods  of  exposure.   In  the  event  that  this  effort 
is  successful,  we  will  attempt  to  apply  our  experimental  design  for  early 
termination  6f  clinical  trials  in  this  setting.   We  also  will  continue  our 
investigation  of  the  analysis  of  accumulating  survival  data  as  a  stochastic 
process  and  the  early  findings  will  be  reported  at  the  spring  meeting  of  the 
Biometric  Society  in  May,  1973. 
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2. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   NHLI-VA  Arthritis-Thromboembolism  Study 

Previous  Serial  Number:   NHLI-BRB-10 

Principal  Investigators:   Fred  Ederer,  Louis  Mesard,  Joel  Verter 

Cooperating  Units:   NHLI  Blood  Resource  Program,  Veterans  Administration, 

National  Eye  Institute 

Man  Years: 

Total:  .40 
Professional:  .40 
Other :  0 

Project  Description: 

Objectives:   To  determine  whether  an  association  exists  between 
arthritis  and  thromboembolism.   Recent  laboratory  work  on  the  ability  of 
aspirin  to  inhibit  platelet  aggregation  suggests  the  hypothesis  that  aspirin 
can  prevent  the  development  of  thromboembolism.  Most  rheumatoid  arthritics 
take  at  least  6  tablets  daily. 

Methods  Employed:   The  stated  hypothesis  will  be  tested  in  two  inter- 
related studies,  one  a  retrospective  cohort  study,  the  other  a  case-control 
study.   The  primary  information  source  is  the  Veterans  Administration  In- 
patient Discharge  Data  System  (IDDS) . 

In  the  retrospective  cohort  study,  the  "incidence"  of  thromboembolism 
in  arthritics  and  several  non-arthritis  control  groups  will  be  measured. 
Study  patients  will  be  selected  from  VA  hospital  discharges  1963-69,  and 
their  thromboembolism  incidence,  both  venous  and  arterial,  will  be  measured 
by  the  frequency  of  thromboembolism  discharges  from  VA  hospitals  up  to 
July  1,  1969.   The  names  of  study  patients  will  also  be  matched  against 
the  VA  "notice  of  death"  file  to  determine  vital  status  as  of  July  1,  1969. 
Death  certificates  will  be  obtained  and  analyzed  by  cause. 

In  the  case-control  study,  thromboembolism  and  several  groups  of  non- 
thrombo embolism  discharges  during  1963-69  will  be  identified,  and  the  fre- 
quency with  which  arthritis  is  recorded  as  an  associated  diagnosis  will  be 
used  as  a  measure  of  arthritis  prevalence. 
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Serial  No.  NHLI-BRB-2 

1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Major  Findings:   A  preliminary  report  has  been  written  on  the  case- 
control  study.   The  data  indicates  that  the  risk  of  a  thromboembolism  is 
less  in  aspirin  users  (arthritis  patients)  than  in  non-aspirin  users.   Of 
course  this  part  of  the  study  bears  only  on  prevalence  so  that  a  firm 
conclusion  must  await  the  analysis  of  a  prospective  cohort  study  currently 
in  preparation. 

Course  of  Project:   The  case-control  segment  has  been  completed.   The 
retrospective  cohort  study  is  in  preliminary  stages  of  analysis,  delay  being 
due  to  some  inconsistencies  in  the  death  data  received  from  the  VA.   Upon 
completion  of  this  analysis  a  report  will  be  written  and  submitted  jointly 
with  the  case-control  study  to  an  appropriate  journal. 

Significance  to  Biomedical  Research:   Some  small-scale  clinical  trials 
of  aspirin  in  the  prevention  of  thromboembolism,  both  venous  and  arterial, 
have  been  conducted  or  are  in  progress  now.   The  NHLI  Committee  on  Thrombosis 
has  discussed  the  possibility  of  large-scale  field  trials.   Such  trials 
require  millions  of  dollars  and  many  years  to  complete.   While  the  possibili- 
ties of  such  trials  are  discussed,  and  tentative  plans  are  formulated,  the 
results  of  the  present  study  could  either  weaken  or  strengthen  the  need  for 
such  field  trials,  or  indicate,  if  aspirin  is  a  potential  prophylactic  agent, 
whether  it  is  more  likely  to  prevent  venous  or  arterial  thromboemboli . 
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Serial  No.  NHLI-BRB-3 

1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Irdividual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   Coordinating  Center  Operations  for  the  Urokinase-Streptokinase 
Pulmonary  Embolism  Trial  (USPET) 

Previous  Serial  Number:   NHLI-BKB-12 

Principal  Investigators:   Christine  Cole,  David  L.  DeMets 

Other  Investigators:   Edward  Black 


Cooperating  Units: 


NHLI  Program  Officer  and  Medical  Liaison:   Blood  Resource 
Program,  NHLI;  New  York  University  Medical  Center: 
Central  Laboratory,  11  Clinical  Investigators 


Years : 

Total: 

2.6 

Professional: 

1.3 

Other : 

1.3 

Project  Description: 

Objectives;   The  objective  of  the  study  is  to  compare  the  effects  of 
three  methods  of  treatment  on  the  resolution  rate  of  pulmonary  thromboemboli : 
a  12  hour  infusion  of  urokinase,  a  24  hour  infusion  of  urokinase,  and  a  24  hour 
infusion  of  streptokinase.   This  study  began  in  mid  1970. 

Operating  Procedures 

1.  Data  is  obtained  from  the  clinical  investigators  on  data  forms  and 
put  on  punch  cards 

2.  Monthly  progress  reports  are  prepared  and  distributed  to  the  study 
participants. 

3.  Periodic  confidential  reports  are  prepared  containing  data  and  analyses 
of  results  of  treatment,  complications  and  results  of  radiographic 
(pulmonary  angiograms  and  lung  scans)  and  hemodynamic  studies.   These 
reports  are  distributed  to  the  Policy  Board  and  the  Advisory  Committee 
for  Statistical  Analysis. 
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Serial  No.  NHLI-BRB-3 

1.  Biometrics  Research  Branch 

2. 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Major  Findings;  As  of  June  1,  1973,  176  patients  have  entered  the 
study.   For  these  patients  most  of  the  data  has  been  collected  and  analyzed. 
There  do  not  appear  to  be  any  significant  differences  for  lung  scan, 
angiogram  and  hemod5mamic  end  points  among  the  3  treatment  regimens. 

Project  Status  and  Future  Course:   Some  data  on  a  few  patients  remains 
to  be  collected  and  punched.   In  particular,  long-term  followup  clinical 
and  lung  scan  information  needs  to  be  processed.   A  manuscript  is  being 
prepared  describing  the  trial  and  its  major  findings  for  possible  publication 
in  JAMA. 

This  trial  officially  terminates  June  30,  1973,  and  at  that  time  a  few 
tasks  are  expected  to  carry  over  to  the  next  year: 

1)  Completion  of  processing  long-term  followup  data.   This  includes 
reading  the  remaining  scans,  coding  and  punching  the  results  and 
performing  statistical  analyses. 

2)  Finish  preparing  the  manuscript  for  publication  and  prepare  a  final 
therapeutics  results  report. 

3)  Preparing  a  final  data  tape  and  its  documentation  for  permanent 
storage. 

4)  Final  cleanup  and  housekeeping  tasks  such  as  returning  scans  and 
angiograms  to  the  investigators  and  storage  of  original  data  forms. 

It  is  anticipated  that  further  efforts  on  this  project  will  be  modest 
and  terminate  during  the  next  fiscal  year  and  there  appears  to  be  no 
justification  for  further  reports  on  this  project. 
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Serial  No.  NHLI-BRB-4 

1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   Coordinating  Center  Operations  for  the  Urokinase-Pulmonary 
Embolism  Trial  (UPET) 

Previous  Serial  Number:   NHLI-BRB-6 

Principal  Investigator:   Christine  Cole 

Other  Investigators:   Edward  Black 

Cooperating  Units:   NHLI  Program  Office  and  Medical  Liaison:  Blood  Resource 

Program,  NHLI;  New  York  University  Medical  Center:   Central 
Laboratory,  14  clinical  investigators 

Man  Years : 

Total:  .80 
Professional:  .40 
Others:       .40 

Project  Description:   To  provide  coordinating  services  required  for  the 
administration  data  processing  and  analysis  of  a  controlled  cooperative 
clinical  trial  which  was  to  compare  the  effects  of  two  methods  of  treatment 
on  the  resolution  rate  of  pulmonary  thromboemboli;   a  12  hour  infusion  of 
urokinase  followed  by  heparin  vs.  infusion  of  heparin  only. 

Major  Findings:   Urokinase  and  subsequent  heparin  treatment,  when 
compared  to  heparin  alone,  significantly  accelerated  the  resolution  rate  of 
pulmonary  thromboemboli  at  24  hours  as  shown  by  pulmonary  angiograms,  lung 
scans  and  right-sided  pressure  measurements. 

Status  of  Project:   This  project  is  now  considered  completed.   An 
extensive  monograph  has  been  prepared  describing  this  trial  and  its  results 
in  detail.   This  monograph  appeared  as  a  supplement  to  Circulation  in  April, 
1973.   The  data  for  160  patients  is  stored  in  card  image  form  on  magnetic 
tape.  Access  to  this  data  is  possible  by  sending  a  letter  of  request  to 
Dr.  Arthur  Sasahara,  Chairman  of  the  Editorial  Committee  at  Veteran's 
Administration  Hospital,  West  Roxbury ,  Massachusetts. 
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Serial  No.  NHLI-BRB-5 

1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   Coordinating  Center  for  the  Pilot  Study  for  the  Streptokinase- 
Urokinase  Myocardial  Infarction  Trial  (SUMIT) 

Previous  Serial  Number:   NHLI-BRB-11 

Other  Investigator:   Toby  L.  Simon 

Cooperating  Units:   NHLI  Program  Officer  and  Medical  Liaison:   Blood  Resource 

Program,  NHLI;  8  clinical  investigators 

Man  Years : 

Total:  .60 
Professional:  .30 
Other:        .30 

Project  Description:   The  objectives  of  the  pilot  study  were  to  gain  experience 
in  patient  recruitment  and  therapeutic  management,  to  test  protocol  procedures 
and  data  forms,  and  in  general  to  investigate  the  feasibility  of  a  large  scale 
definitive  trial  in  Coronary  Care  Units  to  compare  the  effectiveness  of 
thrombolytic  agents  with  conventional  care  in  reducing  MI  mortality. 

Course  of  Project:   This  pilot  trial  is  no  longer  recruiting  patients 
and  can  be  considered  terminated.   As  of  November  1973,  107  patients  in  total 
have  been  accessed  and  their  data  recorded  on  punch  cards.   The  results  from 
this  pilot  study  have  been  transmitted  to  Professor  J.  Cornfield  of  George 
Washington  University  and  are  being  used  to  plan  a  large  cooperative  clinical 
trial  assessing  the  efficacy  of  fibrinolytic  therapy  in  myocardial  infarction 
patients.   Professor  Cornfield  heads  the  coordinating  center  for  this  tentative 
trial. 
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Serial  No.  NHLI-BKB-6 
1.   Biometrics  Research  Branch 
2. 
3.   Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 


Projecf  Title:   Epidemiologic  Study  of  Coronary  Atherosclerosis  in  Puerto 
Rico  (This  refers  to  statistical  services  provided  by  the 
Biometrics  Research  Branch  only.   See  general  description  in 
Clinical  Applications  Section.) 

Previous  Serial  Number:  NHLI-BRB-3 

Principal  Investigators:   Frantz  Ashley,  Tavia  Gordon  (Study  Chief  is 

Dr.  Mario  Garcia-Palmieri) 

Man  Years: 

.  Total:  0.1 

Professional:  0.1 

Other:  

Project  Description: 

Objectives;   To  study  the  factors  related  to  development  of  cardiovascular 
disease  in  a  population  of  middle-aged  men  where  the  death  rate  from  coronary 
heart  disease  is  about  one- third  that  in  the  U.S.  mainland  population.   The 
study  has  been  planned  to  make  use  of  the  unusually  high  autopsy  rate  (50%) 
and  to  maximize  the  heterogeneity  in  mortality  rates,  diet  and  physical 
activity  observed  in  preliminary  surveys  of  rural  and  urban  residents. 

Methods  Employed:   Anticipating  a  response  of  80%  or  better,  the  study 
area  was  defined  to  yield  A, 000  mountain  dwellers  and  8,000  city  dwellers  for 
a  sample  of  10,000  split  1:2  rural-urban.   All  males  born  in  the  years  1900 
through  1919  and  residing  in  the  defined  mountain  areas  or  in  specified  muni- 
cipios  in  the  San  Juan  metropolitan  area  were  enumerated  in  a  household 
cajivass  by  the  Puerto  Rico  Planning  Board.   The  second  examination  was  com- 
plered  in  August  1971  with  a  91%  response  rate.   A  paper  explaining  urban- 
rural  serijm  lipid  differences  has  been  presented;  other  papers  analyzing 
Exam  1  data  are  underway.   Incidence  analyses  are  being  planned.   A  limited 
third  cycle  has  been  started  in  conjunction  with  the  Lipoprotein  Project. 

Routine  surveillance  of  response  rates,  mortality  rates,  and  CHD  incidence  is 
undertaken.   In  addition,  we  supply  consultative  and  backup  statistics 
services. 
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Serial  No.  NKLI-BRB- 


1.   Biometrics  Research  Branch 

2. 

3.   Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 


Methods  Employed: 

Data  processing  procedures  and  programming  have  been  worked  out  with  the 
Medical  Center  Information  Processing  Division  in  San  Juan.   Periodically 
data  from  the  project  has  been  converted  to  tape  compatible  with  the  NIH 
computer  system  to  allow  for  exploratory  tabulations  here. 

Major  Findings: 
See  general  description  in  Epidemiology  Section. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
See  general  description  in  Epidemiology  Section. 

Proposed  Course:   The  second  round  of  examinations  has  been  completed 
with  a  response  rate  of  91%.   A  third  round  of  examinations  was  started  in 
August  1971  and  by  January  1973  has  re-examined  nearly  half  of  the  men 
entering  the  study.   The  lipoprotein  study  is  being  done  on  a  sample  from  the 
municipios  of  Bayamon,  Naranjito  and  Comerio.   The  laboratory  started  doing 
the  lipoprotein  samples  in  January  1972. 
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Serial  No.  NHLI-BRB-7 
1.   Biometrics  Research  Branch 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:  Framingham  Study  (This  refers  only  to  statistical  services 
provided  by  the  Biometrics  Research  Branch.  The  principal 
investigator  for  the  study  itself  is  Dr.  William  B.  Kannel.) 

Previous  Serial  Number:   Same 

Principal  Investigators:   Dewey  Shurtleff ,  Tavia  Gordon,  Wayne  Fercho 

Dan  McGee,  Frantz  Ashley,  Marthana  Hjortland.  (See 
above.) 

Other  Investigators:   (See  above.) 

Cooperating  Units:   None 

Man  Years 

Total:  7.0 

Professional:  4.5 

Other:  2.5 

Project  Description: 

Objectives:   To  assist  in  data  collection,  tabulation  and  analysis  for  this 
long-term  prospective  study. 

Methods  and  Findings:   During  the  current  year  analysis  of  data  from  the  18 
year  followup  is  continuing.   Four  additional  monograph  sections  are  being 
prepared  for  publication  and  analysis  of  new  data  on  menopause,  congestive 
heart  failure  and  cigarette  smoking  has  been  prepared.   Several  collaborative 
papers  with  the  Albany  Study  on  sudden  death  have  been  completed.   Consulta- 
tion has  been  provided  on  a  continuing  basis  with  respect  to  operation, 
analysis  of  data,  preparation  of  talks  and  scientific  reports,  as  well  as  on 
specific  projects  undertaken  with  outside  collaborators. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 
See  Epidemiology  Section. 

Proposed  Course:   See  Epidemiology  Section. 
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Serial  No.  NHl!l-BRB-8 
1.   Biometrics  Research  Branch 
2. 
3.   Bathes da,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Project  Title:   Collaborative  Studies  (This  refers  only  to  statistical 

services  provided  by  the  Biometrics  Research  Branch.   See 
general  description  in  the  Epidemiology  Section.) 

Previous  Serial  Number:  same 

Principal  Investigators:   Frantz  Ashley,  Tavia  Gordon 

Cooperating  Units:   Framingham,  Honolulu,  Puerto  Rico,  Israel,  Yugoslavia 

Man  Years 

Total:  0.8 

Professional:  0.8 

Other:  

Project  Description: 

Objectives :   To  provide  consultative  services  and  statistical  coordination 
and  control  to  the  collaborative  studies  which  include  the  Framingham  Study 
and  the  studies  in  Honolulu,  Puerto  Rico,  Israel  and  Yugoslavia. 

Methods :   While  each  of  the  field  epidemiological  studies  has  its  own 
objectives  there  is  a  need  to  compare  results  from  the  various  studies.   This 
requires  work  which  is  directed  toward  obtaining  comparable  data  separate  from 
that  obtained  as  part  of  the  individual  studies.  We  have  introduced  inter- 
laboratory  quality  controls  between  Framingham,  Hawaii  and  Puerto  Rico.   ECG's 
were  exchanged  among  these  three  studies  to  establish  a  population  at  risk  of 
developing  myocardial  infarction.   The  incidence  of  myocardial  infarction  in 
these  studies  is  being  determined  by  exchange  of  incidence  ECG's  and  death 
certificates.   This  effort  to  attain  comparability  is  providing  a  large  diver- 
sified population  in  which  to  examine  risk  factors.   Routine  surveillance  of 
response  rates  and  follow  up  is  undertaken.   In  addition  we  supply  consultative 
and  backup  statistical  services.   A  draft  manuscript  of  the  results  has  been 
prepared  and  major  findings  were  presented  to  the  American  Heart  Association 
meeting  in  Dallas. 
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Serial  No.  NHLI-BRB-8 
1.   Biometrics  Research  Branch 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1972  through  June  30,  1973 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
Epiaeniiological  studies  provide  the  necessary  perspective  to  judge  the 
magnitude  of  the  problem  of  cardiovascular  disease  and  the  extent  to  which 
we  understand  the  factors  leading  to  incidence  and  death.  While  there  are 
other  studies  on  diverse  populations,  the  Framingham,  Puerto  Rico,  and 
Honolulu  Studies  are  directly  controlled  and  standardized  by  the  Institute 
and  their  results  can  therefore  be  compared  with  some  reliance.   The  findings 
to  date  make  it  clear  that  we  still  understand  very  little  as  to  why  different 
populations  have  different  incidences  of  CHD. 

Major  Findings:   In  Framingham  the  CHD  death  rate  in  men  free  of  MI  was 
twice  that  for  Puerto  Rico  and  four  times  that  for  Honolulu  Japanese. 
Incidence  of  MI  by  ECG  was  double  that  in  Puerto  Rico  or  Honolulu.   Systolic 
blood  pressure  and  serum  cholesterol  levels  were  related  to  CHD  incidence  in 
all  three  studies,  cigarette  smoking  was  related  to  subsequent  incidence  only 
in  Honolulu  and  Framingham.   Population  differences  in  these  characteristics 
accounted  for  little  of  the  excess  incidence  in  Framingham. 

Proposed  Course:  While  all  three  studies  continue  to  collect  incidence 
data,  this  stage  of  inter-study  comparison  should  be  completed  with  the 
acceptance  of  our  final  report  for  publication.   Consultative  services  to 
Yugoslavia  and  Israel  continue  but  direct  comparison  of  data  from  Honolulu, 
Puerto  Rico  and  Framingham  will  not  be  attempted  because  of  difficulties  in 
obtaining  inter-study  standardization. 
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NATIONAL  HEART  AND  LUNG  INSTITUTE 
OFFICE  OF  DIRECTOR  OF  DIVISION  OF  LUNG  DISEASES 
ANNUAL  REPORT 
July  1,  1972  throuph  June  30,  1973 

The  Division  of  Lung  Diseases,  one  of  the  six  Divisions  within  the  National 
Heart  and  Lung  Institute,  is  responsible  for  overall  planning,  coordination 
and  evaluation  of  all  extramural  activities  relative  to  respiratory  diseases. 
Through  four  Branches--Etiology  and  Epidemiology;  Pathophysiology;  Special 
Programs  and  Resources;  Pulmonary  SCOR--its  professional  staff  has  scientific 
responsibility  for  administration  of  grants,  contracts  and  awards  relevant  to 
the  Division's  program  goals.  Because  the  Division's  emphasis  is  on  programs 
that  will  achieve  more  effective  diagnosis,  treatment  and  prevention  of  dis- 
eases of  the  lung,  the  choice  of  funding  instruments  to  achieve  these  objec- 
tives is  dictated  by  a  combination  of  investigator  interest  and  the  Division's 
assessment  of  the  best  supportive  mechanism  for  realizing  a  specific  program 
goal.  Except  for  the  Pulmonary  SCOR  Branch,  which  supports  all  activities 
through  grants,  the  professional  staffs  of  the  Branches  administer  their 
programs  through  both  grants  and  contracts.  These  funding  instruments  com- 
plement each  other,  the  contract  being  used  primarily  to  foster  studies 
inadequately  represented  in  the  investigator-initiated  grant  program  or 
studies  that  require  close  cooperation  among  investigators  who  are  at  differ- 
ent institutions.  The  Division  also  maintains  liaison  with  the  biomedical 
community  and  has  cooperated  with  professional  societies  to  disseminate 
information  on  topics  of  mutual  interest. 

With  the  passage--in  September  1972--of  the  National  Heart,  Blood  Vessel, 
Lung  and  Blood  Act  of  1972,  the  dimensions  of  the  Institute's  lung  programs 
are  significantly  enlarged.  By  legislative  requirement  the  lung  programs 
extend  to  diseases  of  children,  includina  asthma,  cystic  fibrosis  and  hyaline 
membrane  disease.  The  Act  also  requires  that  not  less  than  fifteen  percent 
of  the  Institute's  annual  appropriation  be  reserved  for  programs  on  diseases 
of  the  lung.  (At  present,  about  twelve  percent  of  the  Institute's  appropri- 
ation is  devoted  to  lung  diseases.)  Finally,  the  Act  permits  development  of 
"fifteen  new  centers  for  basic  and  clinical  research  into,  training  in,  and 
demonstration  of,  advanced  diagnostic,  prevention,  and  treatment  methods 
(including  methods  of  providing  emergency  services)  for  chronic  lung  diseases 
(including  bronchitis,  emphysema,  asthma,  cystic  fibrosis,  and  other  lung 
diseases  of  children)." 

How  the  Division  plans,  coordinates  and  evaluates  its  programs  is  described 
in  the  first  section  of  this  report.  The  second  section  provides  an  over- 
view of  current  programs,  which  may  be  supported  through  one  or  more  Branches; 
and  the  third  section  highlights  activities  of  each  of  the  Branches. 


I 

PLANNING,  COORDINATION,  EVALUATION 

Planning 

To  have  an  informed  basis  for  immediate  and  lono-ranqe  planning,  the  Division 
of  Lung  -Diseases  has  updated  (December  1972)  the  prior  Analysis  of  Current 
Pulmonary  Research  Programs  and  has  prepared  for  the  first  time  (December 
1972)  an  Analysis  of  Current  Postgraduate  Training  Programs.  These  two 
reports  cover  extramural  NHLI-supported  activities  relating  to  pulmonary  . 
diseases,  whether  funded  by  grant,  contract  or  award.  In  addition,  the 
Division  has  issued  several  reports  that  reflect  the  views  of  the  biomedical 
community  as  to  what  are  the  important  problems  and  the  most  pressing  needs 
in  the  pulmonary  field: 

-  Report  of  the  Task  Force  on  Research  in  Respiratory  Diseases 

Published  in  October  1972,  this  243-page  report  was  prepared  by  a  twelve- 
member  task  force  constituted  to  assist  the  Division  in  identifying  problems 
and  approaches  that  warrant  a  high  priority  in  the  Institute's  immediate  and 
long-range  planning.  The  report  assesses  the  magnitude  of  the  public  health 
problems  and  current  state  of  knowledge  with  regard  to  particular  respiratory 
diseases,  identifies  disparities  between  what  is  needed  and  what  is  being 
done  to  combat  these  diseases,  and  recommends  operational  steps  to  strengthen 
the  present  research  effort.  In  all,  188  biomedical  scientists  contributed 
to  the  report. 

-  A  Review  and  Analysis  of  Pulmonary  Device  Needs  and  Priorities 

This  report,  issued  in  November  1972  by  the  Division  of  Lung  Diseases  and 
Division  of  Technological  Applications,  summarizes  the  views  of  an  ad  hoc 
committee  selected  to  provide  the  Institute  with  an  independent  assessment  of 
three  NHLI-supported  contracts  for  systems  analyses  addressed  to  research  and 
development  of  respiratory  devices.  The  report  highlights  the  extensive 
final  reports  of  the  contractors  and  presents  the  committee's  views  on 
critical  needs  and  priorities  for  device  development. 

-  Survey  of  Professional  Manpower  in  Pulmonary  Diseases 

Prepared  for  the  National  -Heart  and  Luna  Institute  by  a  joint  committee  of 
the  American  Thoracic  Society  and  American  College  of  Chest  Physicians  in 
collaboration  with  the  Subspecialty  Board  on  Pulmonary  Diseases  of  the 
American  Board  of  Internal  Medicine,  this  report  was  issued  in  November  1972 
as  a  service  to  the  biomedical  community  because  it  constitutes  a  useful 
resource  document.  The  recommendations  represent  the  views  of  the  joint 
comnittee  but  will  be  entertained  by  the  Division  of  Lung  Diseases  as  part  of 
its  overall  planning  effort. 

Another  plannina  document--to  be  issued  later--has  been  prepared  by  the  Lung 
Diseases  Panel,  one  of  four  panels  designated  by  the  Institute  to  provide  a 


strategic  plan  for  implementing  the  National  Heart,  Blood  Vessel,  Lung  and 
Blood  Act  of  1972.  The  Panel's  report  has  been  carefully  reviewed  by  the 
National  Heart  and  Lung  Advisory  Council  and  the  Institute's  staff.  The 
Council  has  prepared  a  report  presenting  its  recommendations,  and  the 
Institute  has  prepared  a  plan  for  a  program  responsive  to  the  new  legislation. 

On  a  sustained  basis  the  major  source  of  counsel  to  the  Division  is  the 
fourteen-member  Pulmonary  Diseases  Advisory  Committee.  The  Committee's 
suggestions  to  the  Division  are  based  on  indepth  reports  and  recommendations 
by  subcommittees  responsible  for  advising  on  some  facet  of  the  Division's 
program  (Pulmonary  Academic  Awards,  SCOR  grants,  contracts)  or  on  some 
specific  activity  (report  of  the  Task  Force  on  Research  in  Respiratory 
Diseases,  report  of  the  Pulmonary  Diseases  Panel).  For  example,  during  this 
year  the  Committee  examined  the  Division's  contract  program  and  suggested 
topics  for  RFPs  (requests  for  proposals),  topics  that  are  important  to  the 
Division's  objectives  but  are  inadequately  represented  in  the  current  grant 
program.  The  two  RFPs  issued  most  recently--on  extracorporeal  support  for 
respiratory  insufficiency,  and  on  normal  lung  cell  separation,  culture  and 
morphology--were  stimulated  by  Committee  suggestions. 

Suggestions  for  program  emphases  have  also  been  solicited  from  investigators 
supported  by  NHLI  grants  or  contracts.  More  than  two-thirds  of  the  sugges- 
tions from  over  one  hundred  investigators  related  to  five  topics;  viz., 
nonrespiratory  functions  of  the  lung;  environmental  lung  diseases;  early 
detection  of  chronic  obstructive  lung  disease;  alpha-1-antitrypsin  deficiency; 
or  application  to  the  lung  of  the  newer  basic  immunologic  advances. 

Finally,  when  the  Division  sponsors  workshops  (see  Coordination,  below)  on 
topics  relevant  to  its  targeted  programs,  recommendations  that  emerge  from 
the  discussions  provide  an  additional  resource  for  planning. 

Coordination 

The  Division  maintains  active  liaison  with  other  Institutes  within  the  NIH, 
with  other  Federal  Agencies--particularly  the  Health  Services  and  Mental 
Health  Admini strati on--and  with  such  voluntary  agencies  as  the  American  Lung 
Association,  the  American  Heart  Association  (Council  on  Cardiopulmonary 
Diseases)  and  the  Cystic  Fibrosis  Research  Foundation.  Every  effort  is  made 
to  complement  rather  than  duplicate  activities  of  other  groups. 

The  Pulmonary  SCOR  (Specialized  Centers  of  Research)  program  includes  funds 
specifically  designated  for  coordination.  Workshops  supported  through  SCOR 
grants  must  be  addressed  to  timely  problems  of  importance  to  the  overall 
pulmonary  program  and  are  limited  in  size  to  insure  the  opportunity  for 
indepth  discussion  by  those  working  actively  in  the  field.  However,  such 
workshops  also  include  a  limited  number  of  consultants  who  may  be  grantees, 
recipients  of  contracts,  or  other  experts  who  have  contributed  significantly 
to  the  field.  Although  the  number  of  workshop  participants  is  limited,  the 
Division  publishes  summaries  that  are  distributed  to  interested  members  of 
the  biomedical  community.  Reports  have  been  issued  on  a  SCOR  meeting  on 
pulmonary  edema,  which  was  held  in  September  1972,  and  a  workshop  on  lung 
cells,  held  in  March  1973. 


other  reports  prepared  for  the  information  of  NHLI-supported  investigators 
and  available  to  others  interested  in  problems  of  pulmonary  diseases  include: 
a  summary  of  informal  session  on  "closing  volume"  determinations,  a  session 
which  was  held  during  the  April  1972  Federation  meetings;  a  pre-publication 
draft--distributed  with  permission  of  the  British  Medical  Research  Council-- 
on  quantitative  assessment  of  chronic  nonspecific  lung  disease  at  necroosy; 
an  overview  of  membrane  oxygenator  research  and  development  programs,  dis- 
tributed jointly  by  the  Division  of  Lung  Diseases  and  the  Division  of  Techno- 
logical Applications;  and  a  report  of  a  contractors'  workshop  on  oxygen 
toxicity.  An  updated  summary  of  standardized  procedures  developed  by  SCOR 
grantees  and  contractors  for  epidemiologic  studies  was  also  available;  it 
includes  minimal  recommended  procedures  for  pulmonary  function  tests,  clinical 
workups,  postmortem  examination  of  lung,  respiratory  symptom  questionnaires 
and  alpha-1 -antitrypsin  determinations.  In  preparation  is  a  summary  of  stand- 
ardized procedures  for  "closing  volume"  determinations.  The  Division  is  also 
developing  a  bibliography  on  respiratory  diseases  that  it  anticipates  distrib- 
uting monthly  to  interested  members  of  the  biomedical  community  and  grantees. 

To  inform  the  lay  public  about  pulmonary  diseases,  the  Division  will  issue  a 
series  of  pamphlets.  The  first,  in  preparation,  is  on  pneumoconioses. 

Within  the  Pulmonary  SCOR  program,  the  Division  fosters  coordination  by 
providing  the  narrative  portions  of  all  annual  SCOR  progress  reports  to  all 
investigators  who  direct  a  project  that  is  part  of  a  SCOR  grant.  This  enables 
investigators  to  capitalize  on  information  which  may  not  yet  be  available  in 
the  literature  and  to  identify  investigators  in  other  groups  with  whom  they 
may  wish  to  communicate  on  matters  of  mutual  interest.  The  SCOR  Directors 
agreed  to  this  exchange  of  information,  and  the  progress  reports  are  written 
with  this  in  mind.  Fiscal  information  is  not  exchanged. 

Comparable  opportunities  are  available  in  the  Division's  other  two  targeted 
programs--contracts  and  Pulmonary  Academic  Awards.  A  contractors'  workshop  on 
oxygen  toxicity  was  alluded  to  above.  Other  groups  of  contractors  have  met  to 
report  their  progress,  and  the  Pulmonary  Academic  Awardees  meet  annually  to 
discuss  their  plans  and  problems  and  to  exchange  information  and  ideas. 

In  cooperation  with  the  Division  of  Intramural  Research,  biweekly  seminars 
are  held  on  topics  of  interest  to  pulmonary  physicians  and  researchers. 
Presented  by  distinguished  scientists  in  the  pulmonary  field,  these  seminars 
have  attracted  a  large  audience  including  investigators  from  nearby 
institutions. 

Evaluation 

In  addition  to  the  customary  peer  review  of  each  grant,  contract  and  award 
prior  to  competitive  renewal,  SCOR  and  contract  programs  are  assessed  annually 
to  see  whether  overall  they  are  fulfilling  the  Division's  programmatic  goals. 
By  maintaining  this  overview,  the  Division  is  in  a  position  to  initiate  such 
action  as  is  necessary  and  appropriate  to  strengthen  or  extend  these  pro- 
grams or  to  curtail  activities  that  no  longer  warrant  support. 


Primary  responsibility  for  global  appraisal  of  the  Pulmonary  SCOR,  Pulmonary 
Academic  Award  and  contract  proprams  rests  with  the  Pulmonary  Diseases 
Advisory  Committee,  whose  reports  and  recommendations  provide  advice  to  the 
Institute  and  its  Advisory  Council.  The  Director  of  the  Division  of  Lung 
Diseases  also  receives  evaluative  reports  from  the  Branch  Chiefs,  who  ana- 
lyze their  programs  on  the  basis  of  information  obtained  from  on-site  visits, 
annual  reports  by  investigators,  and  peer  group  review.  When  the  National 
Heart  and  Lung  Advisory  Council  reviews  the  Division's  targeted  programs, 
both  staff  and  Pulmonary  Diseases  Advisory  Committee  reports  provide  back- 
ground for  their  deliberations  and  policy  recommendations. 

II 

CURRENT  PROGRAMS 

Currently  the  Division  of  Lung  Diseases  supports  extramural  pulmonary  research 
at  a  level  of  $20  million,  an  increase  of  about  18  percent  over  the  prior  year 
and  50  percent  above  the  level  of  fiscal  1971.  These  increases  are  reflected 
in  some  substantive  changes  in  the  program's  emphases,  changes  that  are  respon- 
sive to  the  need  for  additional  attention  to  some  diseases  and  approaches  that 
have  been  identified  as  important  to  national  health.  In  meeting  these  needs, 
the  Division's  programs  have  expanded  in  both  investigator-initiated  and  tar- 
geted research. 

Investigator- Initiated  and  Targeted  Programs 

As  used  in  this  report,  the  terms  "investigator-initiated"  and  "targeted" 
refer  to  a  continuum  from  regular  research  grants  (investigator-initiated) 
to  contracts  (targeted).  The  grant-supported  specialized  centers  of  research 
(SCOR),  though  included  in  targeted  programs,  share  many  features  of  the 
large,  multidisciplinary,  investigator-initiated  program  project  grants. 
They  are  targeted  in  the  sense  that  they  must  be  addressed  to  some  broadly 
defined  area  that  has  been  identified  by  the  Institute  as  important  to  its 
overall  program.  They  also  differ  from  program  project  grants  in  that 
SCOR  directors  and  participants  are  expected  to  establish  close  cooperation 
and  to  coordinate  their  studies  wherever  feasible.  Contracts  are  the 
instrument  of  choice  when  the  Division  has  identified  a  specific  research 
topic  or  need  that  is  inadequately  covered  in  the  present  program,  or  when 
cooperation  among  investigators  at  different  institutions  is  essential 
because  no  one  group  can  generate  enough  data  for  a  significant  result. 
In  this  event,  investigators  are  required  to  use  common  protocols  and 
similar  methodology  so  their  data  can  be  compared  and  pooled. 

Investigator-initiated  research  grants  and  program  projects  now  represent  58 
percent  of  the  Division's  support  for  pulmonary  research;  about  $3  million 
more  than  the  prior  year.  Contracts,  which  represent  12  percent  of  the 
Division's  research  support,  increased  by  about  $900,000.  Support  for  Pulmo- 
nary SCOR  grants  is  essentially  unchanged  as  there  has  been  no  competition  for 
new  centers  since  the  last  fiscal  year. 


I 


It  should  be  noted  that  some  pulmonary-related  contracts  (as  well  as  some 
program  projects  that  include  only  a  minor  emphasis  on  pulmonary  problems) 
are  administered  by  other  NHLI  Divisions. 


Research  Programs  , 

The  groups  of  diseases  addressed  below  are  presented  in  a  sequence  that       i 
reflects  changes  in  program  emphasis  within  the  last  two  years.  Some  disease   | 
categories  receiving  the  largest  proportion  of  Division  funds  have  changed 
relatively  little  in  level  of  support,  hence  they  are  among  the  last'discussed.  i 
It  should  also  be  noted  that  the  category  "environmental  diseases"  overlaps 
with  other  groups  (e.g.,  chronic  bronchitis,  hypersensitivity  pneumonitis, 
etc.).  The  data  as  presented  here  are  consistent  with  the  Division's  system 
of  reporting  its  research  expenditures. 

Environmental  diseases  are  receiving  increasing  emphasis,  especially  with      i 
regard  to  effects  of  cigarette  smoking.  The  overriding  importance  of  cigarette  ^ 
smoking  as  a  contributing  factor  to  such  lung  diseases  as  pneumoconiosis  and 
hypersensitivity  lung  diseases,  and  as  an  etiologic  factor  in  chronic  pulmo- 
nary diseases  (especially  emphysema  and  chronic  bronchitis),  was  emphasized  by  I 
the  Task  Force  on  Research  in  Respiratory  Diseases. 

The  current  program  supports  epidemiologic  surveys  of  various  types  which  | 
include  smoking  histories,  and  also  provides  funding  for  studies  of  the  effects  j 
of  exposure  to  cigarette  smoke  or  tobacco  derivatives  on  lung  morphology,  lung  | 
defense  mechanisms,  and  lung  pathology  and  physiology.  Animal  models  are  | 
being  developed  for  longitudinal  studies  of  the  pathophysiologic  effects  of 
a  standardized  brand  of  tobacco  with  the  later  objective  of  modifying  the 
tobacco  as  a  step  to  developing  a  safe  cigarette. 

Primarily  a  targeted  effort,  studies  of  smoking  are  supported  through  contracts 
and  portions  of  SCOR  grants.  Although  other  types  of  studies  relative  to 
environmental  diseases  are  supported  largely  through  investigator-initiated 
research  grants  and  parts  of  program  projects,  overall  more  than  half  of  the 
funds  for  research  on  environmental  diseases  is  for  SCOR  grants  and  contracts. 

Interstitial  and  diffuse  pulmonary  disease  is  another  area  whose  importance  I 
was  emphasized  by  the  Task  Force.  Major  emphasis  in  the  program  is  on  hyper-  | 
sensitivity  pneumonitis,  pulmonary  fibrosis  and  noninfectious  granulomatosis. 

Hypersensitivity  pneumonitis,  usually  a  consequence  of  inhalation  of 
allergens  (as  in  pigeon  breeder's  disease,  farmer's  lung  and  in  workers 
exposed  to  detergent  enzymes)  is  being  investigated  through  epidemiologic 
studies  and  through  multi disciplinary  programs  that  include  immunologists, 
as  well  as  biochemists,  physiologists  and  physicians.  Studies  of  particu- 
lar interest  are  addressed  to  the  immunologic  mechanisms  that  lead  to 
pulmonary  injury,  as  these  fundamental  alterations  are  common  to  many 
diseases. 


Diffuse  pulmonary  fibrosis,  which  may  result  from  chemical,  physical  (radiation) 
and  microbial  injury  as  well  as  hypersensitivity  reactions,  includes  an 
"idiopathic"  group  for  which  no  apparent  cause  has  been  identified.  Moreover, 
no  therapeutic  intervention  yet  available  will  effectively  halt  the  course  of 
these  diseases.  Present  studies  are  primarily  multidisciplinary.  They  include 
investigations  in  patients  and  in  animal  models;  pathologic  and  electron- 
microscopic  analyses  of  epithelial  and  endothelial  damaae;  structural -functional 
correlations;  and  maintenance  of  a  registry  of  morphologic  data  as  well  as 
physiologic  and  clinical  information  on  patients  with  diffuse  fibrosis. 

Among  noninfectious  granulomatous  diseases,  sarcoidosis  is  of  particular 
epidemiologic  interest  because  of  its  unusual  prevalence  among  Blacks  in  this 
country  (10  to  17  times  more  common  than  in  Caucasians)  and  because  it  is  twice 
as  common  in  females  as  in  males.  Investiaations  relative  to  this  disease 
include  an  analysis  of  the  biochemical  basis  of  the  Kveim  tissue  reaction, 
which  is  used  as  a  diagnostic  test;  studies  of  the  nature  of  the  diffuse 
impairment  characteristic  of  this  disease,  and  of  the  effects  of  short 
versus  prolonged  steroid  therapy  on  this  impairment;  and  physiologic  studies 
of  lung  volume  and  gas  exchange  in  the  natural  history  of  the  disease  in 
humans  and  in  experimental  animal  models. 

Of  funds  supporting  research  on  interstitial  and  diffuse  pulmonary  diseases, 
more  than  half  is  for  investigations  relative  to  hypersensitivity  pneumonitis. 
Overall,  this  is  a  targeted  program:  about  three-quarters  of  the  funds  for 
studies  of  this  group  of  diseases  is  for  SCOR  grants. 

Asthma  is  a  disease  specifically  mentioned  in  the  National  Heart,  Blood 
Vessel ,  Lung  and  Blood  Act  of  1972  and  also  addressed  by  the  Task  Force. 

As  the  immunologic  and  allergic  bases  of  asthma  are  within  the  mandate  of 
other  NIH  Institutes,  the  NHLI  program  focuses  primarily  on  the  nature  of 
pulmonary  functional  impairment.  To  learn  more  about  the  unusually  irritable 
airways  of  asthmatics,  the  possible  interaction  between  inhaled  antigens 
that  stimulate  bronchospasm  and  nonantioenic  inhaled  pollutants  (e.g., 
sulphur  dioxide)  are  being  studied,  and  the  effects  of  pharmacologic 
mediators  (e.g.,  histamine)  are  being  evaluated.  Elastic  lung  recoil  and 
diffusing  capacity  are  being  investigated  in  asthmatics  between  attacks 
and  in  patients  with  chronic  bronchitis  in  an  effort  to  separate  these 
two  types  of  patients.  Approaches  to  therapy  include:  investigations  of 
lung  innervation,  to  provide  an  understanding  of  neural  control  of  broncho- 
constriction  and  the  basis  for  developing  rational  pharmacoloaic  therapy; 
studies  of  lung  mechanics,  gas  exchange  and  blood  flow,  to  determine  precise 
clinical  indications  for  broncho-pulmonary  lavage--a  therapeutic  measure 
used  in  some  resistant  asthmatic  attacks;  and  studies  of  behavioral  condition- 
ing as  a  possible  way  of  controlling  respiratory  resistance  in  asthmatics. 

The  Division's  support  of  research  on  asthma  has  increased  by  the  addition  of 
portions  of  three  SCOR  grants  and  one  contract.  Overall,  it  is  a  targeted 
program. 


Hyaline  membrane  disease  (respiratory  distress  syndrome  of  the  newborn)  is 
another  disease  identified  in  the  Act  of  1972.  The  Division  supports  studies 
of  the  disease  in  patients  and  animal  models,  and  investigations  of  surfactant, 
a  substance  that  is  deficient  or  inactivated  in  hyaline  membrane  disease  and 
may  have  a  role  in  its  pathogenesis.  Multidisciplinary  studies  at  several 
centers  cover  a  broad  spectrum  from  etiology  to  treatment.  They  include 
investigation  of  fetal  development,  assessment  of  pulmonary  function  and  pul- 
monary blood  flow  in  patients  and  animal  models,  longitudinal  studies  of  the   f 
natural  history  of  the  disease,  development  of  methods  of  treatment,  and 
evaluation  of  promising  therapies.  The  biosynthesis,  metabolism  and  function 
of  surfactant,  and  the  alveolar  cells  of  the  lung  that  synthesize  or  store  it, 
are  also  under  study.  Research  grants  and  portions  of  some  program  projects    , 
are  addressing  the  same  problems,  but  overall  this  is  a  targeted  program  which  1 
has  changed  little  in  its  dimensions  within  the  past  two  years.  i 

Cystic  fibrosis,  another  disease  of  childhood  mentioned  in  the  new  Act,       li 
is  only  a  small  part  of  the  present  lung  program.  !| 

Although  this  disease  affects  many  organs,  the  pulmonary  impairment,  which     j 
may  be  related  to  recurrent  infections  and  to  abnormalities  in  the  quality 
and  quantity  of  mucus  production,  commonly  causes  morbidity  and  mortality.     \ 
In  fact,  cardiopulmonary  death  is  the  most  common  cause  of  mortality  from 
cystic  fibrosis.  Research  on  its  pulmonary  aspects  is  addressed  in  this 
program  to  evaluation  of  cardiac  and  pulmonary  function  and  their  alter- 
ation with  therapy.  The  biochemistry  of  the  mucus  abnormality  character-     m 
istic  of  this  disease  is  also  under  investigation.  ( 

Chronic  bronchitis  and  emphysema,  major  causes  of  death  and  disability,  are 
receiving  considerable  emphasis  in  the  Division's  programs,  and  the  broad 
range  of  investigations  have  been  covered  in  many  Division  reports.  Studies 
include  early  detection,  epidemiology  and  natural  history,  use  of  animal 
models  to  investigate  pathogenesis,  numerous  approaches  to  assessment  of 
pulmonary  function,  and  fundamental  investigations  of  pulmonary  defense 
mechanisms.  The  program  encompasses  investigations  of  the  diseases  in  patients 
and  animal  models  as  well  as  studies  of  alpha-1-antitrypsin  deficiency,  a 
genetically-determined  enzyme  deficiency  that  sometimes  predisposes  to 
emphysema. 

The  substantive  emphasis  of  this  program  has  not  altered  since  the  last 
annual  report.  Overall,  more  than  half  of  the  funds  for  research  relative  to 
emphysema  and  chronic  bronchitis  are  for  SCOR  grants  and  contracts. 

Respiratory  distress  syndromes  (acute  respiratory  insufficiency)  of  the  adult 
are  among  the  most  common  causes  of  postoperative  mortality  and  of  death      ' 
related  to  major  trauma.  Because  acute  respiratory  insufficiency  is  poten- 
tially reversible  if  recognized  early  and  treatment  initiated  promptly,  the 
major  research  emphasis  of  the  present  program  is  on  identification  of  factors 
that  predispose  to  these  syndromes,  studies  of  the  effects  of  oxygen  toxicity, 
and  development  of  therapeutic  devices,  especially  ventilatory  assist  devices 
and  oxygenators. 


Unlike  the  programs  discussed  thus  far,  this  one  has  a  major  component  that 
is  administered  through  another  Division  (the  Division  of  Technological 
Applications)  which  supports  contracts  for  development  of  oxyaenators 
and  ventilatory  assist  devices. 

However,  of  funds  administered  through  the  Division  of  Lung  Diseases,  about 
two-thirds  is  for  investigator-initiated  research  grants  and  portions  of 
program  projects.  The  Division  also  supports  some  contracts  on  oxygen 
toxicity. 

Pulmonary  vascular  diseases  include  pulmonary  hypertension,  cor  pulmonale, 
pulmonary  embolism  and  pulmonary  edema.  Substantively,  the  program  has 
changed  little  since  last  year. 

Funds  for  research  on  these  diseases  support  some  contracts  for  trials  of 
fibrinolytic  therapy  in  pulmonary  embolism  that  are  administered  through  the 
Division  of  Blood  Diseases  and  Resources.  However,  the  larger  portion  of  the 
research  effort  relative  to  vascular  diseases  is  supported  by  investigator- 
initiated  research  grants  and  portions  of  program  projects. 

Chronic  hypoxemia  (a  chronic  decrease  in  partial  pressure  of  arterial 
oxygen)  is  important  because  it  commonly  occurs  in  chronic  pulmonary  dis- 
orders of  various  types.  Depending  on  the  nature  of  the  pulmonary  disease, 
it  may  be  a  consequence  of  alterations  in  pulmonary  ventilation,  perfusion, 
or  oxygen  transport,  or  changes  in  cardiac  and  pulmonary  circulation.  Inves- 
tigations of  chronic  hypoxemia  are  addressed  primarily  to  mechanisms  of  these 
alterations  and  their  control.  Of  related  interest  is  pulmonary  transplant- 
ation because  at  present  end-stage  insufficiency  resulting  from  chronic  pul- 
monary diseases  cannot  be  treated  effectively.  If  the  problems  of  organ 
rejection  could  be  solved,  pulmonary  transplantation  could  become  a  mode 
of  therapy  for  end-stage  pulmonary  insufficiency.  Substantively,  the 
emphasis  of  this  program  has  not  changed  since  last  year.  This  is  an 
investigator-initiated  program  supported  almost  entirely  through  regular 
research  grants  and  portions  of  program  projects. 

Training  Programs 

Ideally,  the  Division's  training  programs  should  be  responsive  to  the 
needs  for  professional  manpower  in  specific  facets  of  academic  medicine  and 
in  particular  areas  of  research  than  can  contribute  to  an  understanding  of 
lung  diseases,  their  treatment  and  prevention.  Beyond  these  qualitative 
requirements  of  an  effective  training  program  is  the  question  of  numbers, 
i.e.,  the  need  for  more  scientists  and  physicians  expert  in  a  field  of 
growing  importance  to  public  health. 

Support  for  investigator-initiated  pulmonary  training  programs  (Graduate 
Training  Grants,  Research  Career  Awards,  Research  Career  Development  Awards 
and  Fellowships)  is  now  at  a  level  of  $3.5  million.  However,  only  Graduate 
Training  Grants  have  increased  in  number  and  funding.  Fellowships  have 
remained  constant  and  only  four  new  Career  Development  Awards  have  been 
supported. 


II 

Disparities  between  what  is  needed  and  what  is  beinq  done  are  evident  in  the 
substantive  emphases  of  the  training  programs.  Because  training  programs   , 
reflect  the  interests  of  training  directors  who  initiate  requests  for  grants,^! 
or  of  individual  physician-scientists  who  submit  applications  for  Career 
Development  Awards  or  Fellowships,  the  emphasis  of  the  Division's  training 
programs  reflects  only  in  part  the  balanced  effort  that  would  insure  adequate 
professional  resources  where  they  are  likely  to  be  most  needed  when  trainees 
enter  their  careers.  There  is  an  inevitable  time-lag  because  the  interests 
of  those  who  provide  training  do  not  necessarily  reflect  immediately  the  impact  , 
of  new  scientific  developments  that  could  contribute  fresh  insights  into  proh'^  |'' 
lems  of  pulmonary  diseases.  ■■■' 


To  be  more  specific,  the  Division's  training  programs  are  overwhelmingly  in 
the  direction  of  pulmonary  physioloay--especially  assessments  of  pulmonary 
function  in  disease--and  pulmonary  diseases  of  the  adult.  There  is  a  notable 
dearth  of  training  in  such  disciplines  as  epidemiology,  biochemistry,  immuno- 
logy and  bioengineering,  disciplines  that  are  increasingly  important  to  an 
understanding  of  the  etiology  and  pathogenesis  of  lung  diseases  and  that  have 
already  made  important  research  contributions.  With  the  exception  of  two 
pediatric  training  programs  that  are  addressed  primarily  to  cystic  fibrosis, 
there  is  minimal  emphasis  on  diseases  of  infancy  and  childhood.  Interstitial 
and  diffuse  pulmonary  diseases  are  receiving  relatively  little  emphasis  although 
since  last  year  one  training  grant  in  this  area  has  been  added.  There  is  also 
notably  little  training  relative  to  treatment  and  rehabilitation,  despite  the 
chronic  nature  and  debilitating  effects  of  so  many  pulmonary  diseases. 

The  Division  also  supports  a  targeted  trainina  program:  the  Pulmonary 
Academic  Award.  Initiated  in  1970  with  the  idea  that  the  program  would     (^ 
finally  support  an  awardee  in  every  eligible  institution  that  had  an 
acceptable  candidate,  this  program  cannot  expand  because  of  constraints  on 
funding  for  new  training  initiatives.  Designed  to  attract  bright  young 
physicians  into  careers  in  pulmonary  medicine  or  pulmonary  research,  this  pro- 
gram has  been  hampered  since  its  inception  by  funding  limitations.  Only  4 
awards  could  be  made  the  first  year  and  12  more  last  year.  Althouah  new 
applications  have  been  favorably  recommended,  they  will  not  be  funded. 

Nevertheless,  the  Division  and  its  consultants  view  with  enthusiasm  the 
impact  the  Pulmonary  Academic  Award  Proaram  has  had  on  the  grantee  institu- 
tions as  well  as  on  awardees.  To  a  remarkable  extent,  these  younq  physicians 
have  identified  problems  inherent  in  the  present  pulmonary  curricula  and 
have  taken  the  initiative  in  working  together  to  develop  new  approaches  that 
will  provide  a  stimulating  pulmonary  curriculum  for  undergraduate  students. 
They  have  also  extended  their  own  horizons  through  visits  to  other  institutions 
and  by  inviting  experts  to  work  with  grouos  at  their  own  institution. 

Although  this  program  is  small,  it  is  anticipated  that  it  will  have  a       (4  ; 
larger  impact  than  its  present  dimensions  would  sugoest.  ^* 
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BRANCH  ACTIVITIES 

ETIOLOGY  AND  EPIDEMIOLOGY  BRANCH 

This  Branch  sponsors  and  administers  extramural  research  concerned  with  the 
etiology  of  respiratory  diseases  and  factors  affecting  their  natural  history. 
Epidemiology  is  the  primary  approach  to  achieving  the  Branch's  programmatic 
goals.  These  include  the  identification  of  clues  to  exogenous  and  endogenous 
etiologic  factors  in  respiratory  diseases;  the  testing  of  etiologic  hypothe- 
ses; and  the  determination  of  the  prevalence  and  course  of  respiratory  dis- 
eases from  their  earliest  preclinical  manifestations.  The  Branch  has  three 
program  areas  which  support  research  projects  by  either  the  grant  or  the  con- 
tract mechanism:  (1)  occupational  diseases;  (2)  population  studies;  and  (3) 
host  factors.  This  organization  represents  a  division  for  administrative  pur- 
poses as  there  is  some  overlap  in  these  designations. 

In  addition  to  its  own  program  of  grants  and  contracts,  the  Branch  also  in- 
terfaces with  the  SCOR  Branch  of  the  Division.  The  SCOR  program  has  several 
large  epidemiologic  studies  which  are  an  intrinsic  part  of  the  SCOR  grants. 
Likewise,  there  is  some  relationship  to  the  Pathophysiology  Branch  where 
future  tools  for  epidemiologic  research  may  be  developed. 

Occupational  Diseases 

At  the  present  time  the  program  area  on  occupational  disease  etiology  and 
epidemiology  is  quite  modest  with  studies  addressing  asbestosis  and  coal 
workers  pneumoconiosis.  There  are  currently  two  grants  in  this  program  area. 

In  a  coal  workers  pneumoconiosis  study,  investigators  are  focusing  on  many 
etiological  factors,  including  the  significance  of  the  dust  macule,  i.e.,  its 
function  and  its  relation  to  infection.  The  dust  macule  is  formed  by  incor- 
poration of  the  dust-filled  macrophage  into  the  walls  of  the  respiratory 
bronchioles  and  alveolar  ducts.  The  process  damages  the  alveolar  and  bron- 
chiolar  walls  producing  bronchiolar  dilatation  and  emphysema  about  the  pri- 
mary dust  macule.  The  possible  role  of  alphai  antitrypsin  deficiency  as 
basis  for  some  cases  of  panlobar  emphysema  in  miners  is  also  being  examined, 
but  results  to  date  do  not  reveal  an  excess  of  this  abnormality  compared  to 
the  normal  population. 

In  a  study  on  asbestosis,  an  X-ray  technique  is  being  developed  which  appears 
to  be  useful  in  the  evaluation  of  the  intervening  interstitial  tissue 
changes,  not  well  visualized  with  ordinary  X-ray  techniques. 

Population  Studies 

This  portion  of  the  Branch  activities  are  contract  and  grant  supported.  At 
present  there  are  five  contracts.  The  purpose  of  these  contracts  is  to  lo- 
cate suitable  populations  in  various  geographic  areas  of  the  country,  and 
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determine  the  prevalence  of  chronic  obstructive  pulmonary  disease  (COPD)  in  Hj 
these  areas  and  in  these  populations.  It  is  intended  once  these  populations 
are  surveyed  and  if  after  the  survey  they  meet  the  criteria  for  a  study  popu-  , 
lation  (i.e.,  if  they  are  representative  of  the  population  as  a  whole,  if  1 
they  have  adequate  air  pollution  monitoring,  have  a  variety  of  occupational  I 
enterprises  and  have  a  high  prevalence  of  COPD),  further  population-based  I 
COPD  studies  would  be  initiated.  There  is  in  this  group  one  contract  which   ' 


is  studying  asthma  in  high  and  low  risk  groups.  Several  patient  series  are 
in  the  study  and  a  survey  of  Indian  tribes  will  also  be  studied  to  determine 
the  prevalence  of  asthma.  This  group  is  using  response  to  methacholine  chal 


unK  prevdierice  ut  dburiind.   i  ri  i  b  group  ib  ubiny  rdbpuribt;  lu  iiieLridcrio  m  ne  cridi-  t 
lenge  as  a  possible  genetic  marker  for  asthma.  l 

There  are  two  grants  supported  by  the  Branch  in  this  program  area.  Both  are  I 
concerned  with  the  role  of  infection  and  the  pathogenesis  of  chronic  bron- 
chitis in  emphysema.  One  of  these  is  a  large  population  study,  of  which  this  j 
study  is  one  of  multiple  studies  that  are  being  carried  out  on  this  popula-  { 
tion,  which  constitutes  a  community.  The  other  is  a  case  study  in  which  the 
controls  are  members  of  the  index  case  families.  The  studies  are  both  fo-  1 
cused  on  the  effect  of  viral  and  bacterial  infections  in  the  pathogenesis  of 
bronchitis  and  emphysema.  Both  are  observing  whether  multiple  infections 
have  a  transient  or  persistent  effect  on  lung  function.  The  effect  is  meas- 
ured by  lung  function  studies  done  at  regular  intervals  during  each  year. 
They  will  also  determine  the  most  frequent  organisms  found  in  these  infec- 
tions and  whether  bronchitic  families  have  similar  organisms  or  viruses  in 
contrast  to  nonbronchitic  families. 


Host  Factors 


i 


1 .  Alphai  Antitrypsin  Studies 

The  Branch  supports  seven  contracts  and  three  grants  in  this  area.  Three 
of  these  contracts  are  studying  the  alphai  antitrypsin  deficiency  but  are  at 
the  same  time  looking  at  many  other  genetic  markers.  Two  contracts  are  look- 
ing at  the  problem  from  the  familial  and  pedigree  approach.  One  is  only 
looking  at  familial  concordance  and  alpha^  antitrypsin  association  to  COPD 
and  the  other  is  carrying  out  a  very  large  pedigree  study  involving  not  only 
alphax  antitrypsin  but  is  examining  erythrocyte,  proteins,  taste,  sputum, 
and  a  large  group  of  immunological  markers.  The  latter  have  started  the 
analysis  of  44  kindreds  and  three  generations  of  each  kindred  will  be  stu- 
died. Two  of  these  contracts  are  particularly  interested  in  the  controver- 
sial heterozygote  issue,  which  questions  whether  there  is  greater  risk  to 
COPD  in  association  with  these  phenotypes.  One  contract  in  this  group  is 
studying  the  prevalence  of  the  alphai  antitrypsin  in  a  black  population  and 
the  distribution  of  the  phenotypes  in  this  population.  There  are  two  refer- 
ence laboratories  in  this  series  of  contracts.  These  were  set  up  as  a  re- 
source for  all  workers  in  the  field  and  to  assist  the  contractors  and  other 
researchers  in  solving  their  problems  with  functional  and  quantitative  de- 
terminations as  well  as  phenotyping.  Both  reference  laboratories  are   in- 
volved in  developing  techniques  that  will  be  easier  and  more  accurate  in 
performance  than  those  presently  in  use.  One  laboratory  is  developing  a 
standard  serum  pool  for  use  of  the  workers  in  the  field  of  alphai  antitryp- 
sin research. 
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)         There  are  three  grants  in  this  program  area  mainly  interested  in  the  alphai 
antitrypsin  deficiency  association  with  COPD.  The  emphasis  in  each  grant  is 
somewhat  different.  One  grant  will  try  to  define  the  characteristics  asso- 
ciated with  phenotype  abnormalities.  They  will  observe  various  groups  with 
and  without  alphaj  antitrypsin  deficiency  but  with  an  abnormal  phenotype, 
under  various  conditions,  in  various  occupations  and  will  include  smokers  and 
nonsmokers  in  the  series. 

V         The  second  grant  will  attempt  to  determine  the  prevalence  of  the  heterozy- 
gotes  or  intermediate  deficiency  individuals  in  the  study  population,  and 
also  determine  whether  the  heterozygote  phenotypes  are  sufficiently  distinct 
from  other  variants  in  the  population.  They  have  an  annual  follow-up  exami- 
nation of  all  of  the  heterozygotes  in  a  population.  By  calculation  they  de- 
termined that  they  should  have  a  5%  heterozygote  population  in  the  study 
sample. 

The  third  grant  is  studying  the  association  of  alphai  antitrypsin  deficiency 
with  COPD  in  various  groups  including  those  undergoing  cardiac  surgery.  They 
will  try  to  determine  if  those  individuals  with  alphai  antitrypsin  deficiency 
also  have  plasma  and  thrombin  inhibition  which  is  important  in  cardiopulmo- 
nary bypass  surgery.  Included  in  this  grant  is  a  study  of  infancs  to  deter- 
mine whether  alphai  deficiency  is  associated  with  the  neonatal  Respiratory 
Distress  Syndrome.  They  found  that  32%  of  the  infants  seen  had  low  levels 
and  that  23%  of  these  failed  to  survive  as  compared  to  19%  with  normal  levels 
who  failed  to  survive.  They  also  observed  that  about  roughly  half  of  the 

.    children  they  had  seen  delivered  by  Caesarian  section  had  low  values  of 

/    alphai  antitrypsin. 

2.  Case  Control  Studies  -  Other  Genetic  Markers 

There  are  three  contracts  in  this  area.  This  program,  initiated  in  1972, 
is  intended  to  focus  research  on  the  biologic  differences  between  suscepti- 
bles,  i.e.,  those  who  develop  COPD  and  those  who  have  not,  given  similar  ex- 
posure in  time  to  smoking  and  other  exogenous  agents. 

The  same  risk  variations  are  observed  in  members  of  the  same  family  as  well 
as  amongst  populations.  Alphai  antitrypsin  appears  to  be  one  such  factor 
and  is  associated  with  the  disease.  However,  since  the  homozygote  accounts 
for  only  1-2%  of  individuals  with  severe  COPD,  and  the  role  of  the  hetero- 
zygote is  not  clearly  established,  there  must  be  other  biologic  markers  that 
might  help  to  explain  the  difference  in  the  two  groups. 

These  contracts  differ  in  their  particular  emphasis.  Two  of  these  will  look 
.    at  several  host  factors  including  endocrines  and  alphai  antitrypsin  deficien- 
''   cy  and  a  third  will  emphasize  immunologic  factors  of  the  host.  Among  the 

features  of  the  study  are  the  following:   (1)  studies  of  bronchial  reactivity 
to  histamine;  air-flow  obstruction  will  be  used  as  a  marker  to  help  identify 
bronchitis;  (2)  investigations  of  leucocytes  of  chronic  bronchitics  for  his- 
tamine content  and  ability  to  release  histamine  when  challenged  with  anti- 
sera;  (3)  assays  of  macrophages  for  pneumococci  and  H.  influenzae  in  chronic 
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bronchitics;  (4)  examinations  of  sputum  for  morphology,  immunoglobulins 
IISIgA;  and  (5)  determinations  of  blood  group  distribution  in  chronic  bron- 
chitics. 

It  is  hoped  from  these  studies,  that  differences  in  predominant  markers  and 
combinations  of  markers  will  give  us  biologic  information  about  susceptible 
and  nonsusceptible  individuals. 


PATHOPHYSIOLOGY  BRANCH 


Research  projects  administered  by  the  Pathophysiology  Branch  are  aimed  at 
elucidation  of  changes  at  the  molecular,  cellular  and  organ  levels  by  which 
diseases  develop  and  by  which  their  course  is  modified.  Physiologic  altera- 
tions which  are  characteristic  of  pulmonary  diseases  are  also  an  important 
part  of  the  program.  The  major  emphasis  is  in  the  regular  research  and  pro- 
gram project  grant;  the  studies  are  complemented  by  targeted  research  sup- 
ported through  research  contracts.  Furthermore,  several  of  the  investigators 
supported  by  the  research  grant  mechanism  are  working  closely  with  investiga- 
tors who  are  supported  through  the  Pulmonary  SCOR  program.  The  Branch  at- 
tempts to  foster  and  support  interaction  among  interdisciplinary  groups  in 
order  to  bring  together  both  basic  and  clinical  scientists  whose  common  goal 
is  the  solution  of  problems  of  human  disease. 

The  research  programs  of  the  Branch  address  questions  at  the  subcellular,    . 
cellular,  tissue  and  organ  level.  They  are  divided  into  four  subcategories:  ' 
(1)  physiology;  (2)  disease  mechanisms  and  detection;  (3)  non-respiratory 
function;  and  (4)  therapeutic  management. 

Physiology 

The  Branch  supported  63  regular  research  grants  and  five  program  project 
grants,  for  $3.8  million,  relating  to  physiologic  studies  of  mechanics  of 
breathing,  ventilation-perfusion  relationship,  control  of  ventilation,  gas 
exchange,  circulation,  etc.  Grants  in  this  area  represent  approximately  43 
percent  of  the  funding  of  the  branch  and  cover  a  wide  area  of  activity.  Re- 
sults from  fundamental  research  programs  in  physiology  have  wide  application 
in  describing  many  disease  mechanisms. 

One  of  the  areas  of -recent  interest  in  physiology  involves  airway  mechanics 
and  the  distribution  of  airway  resistances  throughout  the  tracheobronchial 
tree.  Work  by  investigators  supported  by  the  Pathophysiology  Branch  has 
demonstrated  the  relative  contribution  of  large  versus  small  (<2mm,  internal 
diameter)  airways  to  total  airflow  resistance,  and  highlighted  the  fact  that  ' 
obstruction  in  the  small  airways  may  be  extensive  before  significant  changes 
in  airflow  resistance  are  measured.  Considerable  research  interest  has  been 
generated  by  this  type  of  work  and  has  led  to  new  tests  of  function  of  small 
airways  such  as  the  so-called  "closing  volume"  measurement.  This  basic  phy- 
siologic work  may  have  important  application  to  diseased  states  since  there 
is  evidence  suggesting  that  the  earliest  abnormalities  in  COPD  may  involve 
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obstruction  in  small  airways.  Thus  it  now  serves  as  a  possible  basis  for  a 
test  of  early  diagnosis.  During  FY  1973,  the  Branch  initiated  a  collabora- 
tive contract  program  to  study  the  closing  volume  method  as  a  potential  tool 
in  epidemiologic  studies. 

The  Branch  has  several  basic  physiologic  studies  on  the  pulmonary  circulation. 
Results  from  such  programs  are  contributing  information  on  the  forces  which 
determine  pulmonary  blood  flow  and  its  changes  with  exercise,  cyclic  lung 
inflation  and  disease  states.  Other  investigators  are  working  on  breathing 
mechanics  which  relate  to  the  forces  and  resistances  that  determine  gas  flow 
in  and  out  of  the  lung.  The  degree  of  airway  obstruction  and  the  loss  of  lung 
recoil,  major  manifestations  in  COPD  syndromes,  are  characterized  by-  studies 
using  measurements  of  airflow  resistance,  lung  compliance,  pressure-volume 
relationships,  work  of  breathing,  etc. 

Another  research  area  in  this  section  is  basic  physiologic  studies  on  alti- 
tude acclimatization  with  application  to  the  problem  of  acute  altitude  sick- 
ness. Investigators  are  studying  changes  in  pulmonary  function  with  exercise 
during  acute  acclimatization  and  chronic  adaptations  to  altitude  using  anthro- 
pologic, genetic  and  physiologic  approaches.  Results  from  these  studies  are 
providing  information  in  the  area  of  high  altitude  sickness  as  well  as  in 
acute  and  chronic  pulmonary  diseases  with  associated  hypoxia  which  occur  in 
other  than  high  altitude  environments. 

Disease  Mechanisms  and  Detection 

During  fiscal  year  1973,  there  were  50  research  grants  and  one  program  pro- 
ject grant,  for  $2.1  million,  relating  to  disease  mechanisms  and  detection. 
In  addition,  the  Branch  supported  14  contracts,  for  $1.24  million,  which  were 
assigned  to  this  category. 

Several  investigators  supported  by  the  Pathophysiology  Branch  have  developed 
a  theory  for  predisposition  of  individuals  with  alpha^  antitrypsin  deficiency 
to  chronic  obstructive  pulmonary  disease  which  suggests  that  proteolytic  en- 
zymes normally  released  in  lung  by  leukocytes  and  alveolar  macrophage  may 
destroy  lung  parenchyma  for  lack  of  sufficient  antiprotease  (alphai  antitryp- 
sin) to  inactivate  proteases.  Supportive  evidence  for  the  role  of  lysosomal 
proteases  in  chronic  obstructive  pulmonary  disease  comes  from  experimental 
observations  made  by  several  investigators:  human  leukocyte  lysosomal  pro- 
teases can  degrade  constituents  of  lung  tissue  such  as  basement  membrane, 
arterial  wall,  collagen  and  protein  polysaccharides  of  cartilage;  structural 
changes  consistent  w"ith  human  emphysema  have  been  induced  in  dog  lung  with 
aerosolized  homogenates  of  dog  and  human  polymorphonuclear  leukocytes  of 
known  proteolytic  activity;  purulent  sputum  contains  leukocyte  proteases 
capable  of  degrading  lung  tissue;  these  proteases  are  inhibited  by  alphai 
antitrypsin  but  not  by  serum  deficient  in  alphai  antitrypsin;  lung  tissue 
from  persons  with  alphai  antitrypsin  deficiency  is  particularly  susceptible 
to. such  digestion  and  serum  of  antitrypsin  deficient  individuals  has  a 
limited  capacity  to  inhibit  elastase  and  collagenase.  Results  such  as  these 
are  important  to  reach  an  understanding  of  the  pathogenesis  of  obstructive 
airway  disease  and  to  elucidate  the  mechanisms  of  injury  and  repair  in  other 
forms  of  pulmonary  disease. 
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Advances  in  our  knowledge  of  the  mechanism  of  pulmonary  oxygen  toxicity  at   ^ 
the  cellular  and  subcellular  level  were  reported  by  grantees  and  contractors 
at  a  workshop  sponsored  by  the  Division  of  Lung  Diseases.  Although  prolonged  ' 
exposure  to  100  percent  oxygen  or  to  oxygen  enriched  mixtures  of  inspired  gas 
is  known  to  produce  pulmonary  damage,  the  mechanism  of  this  pulmonary  oxygen   i 
toxicity  is  as  yet  unknown.  Results  presented  at  the  workshop  indicate  that 
the  primary  pathologic  event  in  pulmonary  oxygen  toxicity  is  edema  as  a  re-    , 
suit  of  endothelial  followed  by  membraneous  epithelial  cell  damage,  although  M 
any  component  of  the  lung  might  be  damaged  with  more  severe  oxygen  exposures.  " 
The  mechanism  of  cell  damage  is  inactivation  of  key  metabolic  enzymes  by  the 
oxidizing  potential  of  oxygen;  repair  of  the  damaged  lung  occurs  through  pro-  ! 
liferation  of  Type  II  epithelial  cells.  It  is  clear  that  the  mechanism  by 
which  oxygen  exerts  its  toxic  effects  on  the  cells  is  extremely  complex. 

A  contract  program  to  develop  an  improved  animal  model  for  smoking-related  |' 
pulmonary  disease  was  initiated  in  FY  73.  The  primary  objective  of  the  pro-  I 
gram  is  development  of  improved  animal  models  for  biotesting  different  tobac-  i 
CO  mixtures  and  varying  levels  of  exposure.  These  animal  models  will  be  used 
to  elucidate  the  natural  history  of  physiologic  and  pathologic  abnormalities 
in  smoking-related  chronic  lung  injury.  Studies  such  as  these  represent  es- 
sential first  steps  to  the  study  of  disease  mechanisms  in  chronic  pulmonary 
disease  caused  by  smoking. 

Non-Respiratory  Function 

During  fiscal  year  1973,  the  Pathophysiology  Branch  supported  56  research 
grants  and  one  program  project,  for  $2.05  million,  relating  to  non-gas  ex- 
change function  and  structure  of  the  normal  lung  and  the  fundamental  mecha- 
nisms by  which  causal  agents  trigger  alterations  in  the  respiratory  function. 
This  area  of  research  was  the  one  in  the  Branch  which  increased  most  signifi- 
cantly both  in  number  of  grants  (27  percent)  and  number  of  dollars  (32  per- 
cent) during  FY  73.  Fifty  percent  of  all  of  the  new  research  grants  in  the 
Branch  were  studies  relating  to  this  category.  Furthermore,  the  first  multi- 
disciplinary  program  project  grant  on  the  connective  tissue  components  of  the 
lung  was  funded. 

Although  it  has  been  known  for  many  years  that  the  lung  is  rich  in  collagen 
and  elastin,  chemical  identification  and  quantification  of  these  substances 
are  at  a  preliminary  stage  of  understanding.  In  most  forms  of  chronic  airway 
obstructive  disease  some  destruction  of  lung  parenchyma  occurs,  and,  in  pure 
emphysema,  lung  tissue  dissolution  is  a  primary  process  of  unknown  etiology. 
Similarly,  in  fibrotic  reactions  of  the  lung,  connective  tissue  growth  with 
distortion  of  lung  architecture  is  a  prominent  feature.  Research  projects 
supported  by  the  Pathophysiology  Branch  on  the  study  of  the  precise  chemical 
composition  of  connective  tissue  components  may  identify  components  of  the 
molecule  which  may  be  altered  in  disease. 

Studies  on  the  metabolism  of  normal  lung  tissue  may  be  a  key  to  a  good  under- 
standing of  the  mechanism  of  many  diseases  of  the  lung.  However,  basic  infor- 
mation on  substrate  utilization  and  intermediary  metabolism  is  yet  to  be 
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obtained.  Several  research  investigators,  many  in  collaboration  with  SCOR 
programs,  are  beginning  to  collect  basic  data  in  this  important  area.  The 
isolated,  perfused  lung,  a  delicate  preparation,  has  been  used  successfully 
in  a  number  of  these  studies. 

One  of  the  new  programs  initiated  by  the  Branch  in  FY  73  was  a  study  of  lung 
cells.  Further  progress  in  the  understanding  of  the  etiology,  pathogenesis, 
and  control  of  respiratory  diseases  is  limited  by  critical  gaps  in  our  know- 
ledge about  basic  mechanisms  in  the  physiology  and  biochemistry  of  the  cells 
which  constitute  the  lung.  The  heterogeneity  of  pulmonary  components  and  our 
lack  of  information  about  the  function  of  individual  cells  limit  the  inter- 
pretation of  studies  of  metabolism,  enzyme  pattern,  and  pharmacologic  respon- 
ses of  the  lung.  The  availability  of  individual  lung  cell  types  would  make 
possible  studies  of  the  structure  and  function  of  each  and  would  help  to  fill 
the  gap  between  our  knowledge  of  organ  function  and  our  knowledge  of  subcel- 
lular organelle  function.  For  this  reason,  a  contract  program  on  "fJormal 
Lung  Cell  Separation,  Culture  and  Morphology"  was  initiated  in  FY  73.  The 
primary  aims  of  the  Request  for  Proposals  included:  (1)  an  accumulation  of 
detailed  morphologic  data  based  on  normal  lung  cells  from  human  tissue  and 
from  laboratory  animals;  (2)  development  of  new  techniques  to  separate  the 
lung  into  viable  cells;  and  (3)  development  of  primary  and  continuous  cul- 
tures of  homogeneous  populations  of  lung  cells. 

Therapeutic  Management 

The  Pathophysiology  Branch  supported  10  research  grants  for  $0.82  million  and 
one  contract  for  $80,000  for  research  on  the  development  and  evaluation  of 
the  benefits  and  complications  of  therapeutic  regimens.  The  contract,  a  re- 
imbursable agreement  with  the  Center  for  Disease  Control,  National  Clearing- 
house for  Smoking  and  Health,  HSMHA,  is  to  study  smoking  behavior  and  its 
modification  in  professional  health  services  settings.  The  research  program 
is  aimed  at  identifying  the  psychological  and  pharmacologic  factors  leading 
to  dependence  on  smoking  and  the  most  effective  techniques  for  breaking  this 
dependence.  This  study,  which  is  also  partly  funded  by  the  National  Cancer 
Institute,  is  in  early  stages  of  development  and  planning. 

Grants  assigned  to  therapeutic  management  include  clinical  studies  of  the 
membrane  lung,  an  extracorporeal  device  for  exchanging  blood  gases.  By  pre- 
venting hypoxia  and  hypercapnia,  it  has  been  demonstrated  that  use  of  the 
membrane  lung  can  maintain  life  while  otherwise  intolerable  pulmonary  damage 
heals.  Through  support  on  individual  research  programs,  some  of  which  have 
been  supported  by  the  Pathophysiology  Branch,  investigators  have  developed 
the  membrane  lung  oxygenator  to  a  sufficiently  advanced  stage  to  demonstrate 
its  clinical  applicability  to  sustain  life  for  periods  of  several  days  or 
longer.  However,  because  of  limited  experience  in  this  field,  no  clear  cut 
guidelines  and  indications  yet  exist  for  the  initiation  of  extracorporeal 
oxygenation  assistance  in  acute  respiratory  failure,  nor  has  a  systematic 
evaluation  of  its  efficacy  been  possible. 

Therefore,  in  fiscal  year  1973,  the  Pathophysiology  Branch  issued  a  request 
for  contract  proposals  to  support  clinical  trials  to  evaluate  the  use  of 
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extracorporeal  oxygenation  systems  under  highly  controlled  conditions  in 
acute  respiratory  failure  in  the  adult.  The  contract  program,  which  will 
complement  the  research  grant  program  in  this  area,  will  require  collabora- 
tion of  all  contractors  in  areas  of  patient  selection  criteria,  methodology, 
reporting  of  objective  results  and  selection  of  appropriate  control  groups. 
It  is  anticipated  that  results  from  this  collaborative  study,  which  will  ob- 
tain its  full  momentum  in  FY  1974,  will  help  to  develop  guidelines  for  the 
initiation  of  extracorporeal  assistance  and  evaluation  of  its  efficacy. 

SPECIAL  PROGRAMS  AND  RESOURCES  BRANCH 

The  Special  Programs  and  Resources  Branch  was  established  in  March  1973,  re- 
placing the  Manpower  and  Resources  Branch,  The  Branch  has  responsibility  for 
three  program  areas:  (1)  the  training  program  area  monitors  all  training    J 
activities  related  to  respiratory  diseases,  (2)  the  special  programs  area   ■ 
plans,  develops,  and  monitors  programs  with  specific  objectives  not  included 
in  the  customary  respiratory  diseases  grant  and  contract  programs,  or  which   ; 
span  interbranch  activity,  for  example,  conferences,  and  (3)  the  bioengi peer- 
ing program  area  is  responsible  for  bioengineering  aspects  of  pulmonary- 
related  grants  and  contracts. 


Training 
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The  Division  of  Lung  Diseases  training  grants  and  award  programs  have  as  ^, 
their  final  goal  the  provision  of  sufficient  numbers  of  well  trained  scien-  ^' 
tists  and  physicians  entering  careers  of  academic  medicine  and  research.  A 
survey  of  professional  manpower  in  pulmonary  disease  (alluded  to  earlier) 
which  was  released  for  general  distribution  in  February  has  documented  the 
discrepancy  between  the  number  of  chest  physicians  currently  being  trained 
and  the  number  of  chest  physicians  needed  now  and  in  the  future. 
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The  pulmonary  training  programs  have  increased  by  over  $2  million  in  the  past 
three  years.  Graduate  training  grants  have  increased  in  number  from  34  to  44 
with  a  concomitant  49  percent  increment  in  funding.  There  will,  however,  be 
a  decrease  in  pulmonary  training,  in  accordance  with  the  recent  decision  of 
the  Department  of  Health,  Education,  and  Welfare  to  phaseout  the  present  NIH 
training  grant  and  award  programs.  j 

The  Graduate  Training  Program  has  provided  advanced  training  for  research 
physicians  and  scientists,  a  majority  of  whom  pursue  academic  careers  devoted 
to  medical  education  and  research,  although  some  enter  clinical  practice. 
Presently  the  Division  of  Lung  Diseases  supports  44  such  training  programs  ^' 
with  143  trainees.  Approximately  half  of  these  emphasize  laboratory  researcT 
while  40  percent  include  laboratory  research  and  experience  with  clinical 
problems  and  10  percent  are  totally  oriented  to  clinical  research.  Medicine 
is  most  frequently  the  sponsoring  department;  70  percent  of  the  training 
grants  and  55  percent  of  the  training  staff  are  members  of  departments  of 
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medicine.  Physiology  departments  sponsor  an  additional  9  percent  of  the 
grants.  Other  sponsoring  departments  are  pediatrics,  preventive  medicine, 
environmental  medicine,  pathology  and  anesthesiology.  Research  in  both  ap- 
plied and  fundamental  physiology  is  the  major  aspect  of  the  present  pulmonary 
training.  Focus  is  on  studies  of  the  pathophysiologic  mechanisms  of  lung 
disease  which  include  research  on  airway  mechanics,  ventilation-perfusion 
imbalance,  control  of  ventilation  and  respiratory  muscle  function  and  regula- 
tion. Pulmonary  training  addressed  to  metabolic  function  of  the  lung  is 
best  exemplified  by  lung  biochemistry.  While  the  number  of  lung  biochemistry 
programs  represent  40  percent  of  the  total  training  grants,  this  area  of  re- 
search interest  relative  to  the  total  research  curriculum  of  these  grants  is 
small.  Training  in  bioengineering,  molecular  biology,  and  pharmacology  dis- 
ciplines as  they  relate  to  lung  function  and  disease  receives  little  atten- 
tion despite  the  increasing  awareness  of  the  importance  of  these  disciplines 
to  pulmonary  research.  Trainees  in  the  Division's  programs  can  be  categorized 
into  the  following  areas:  physicians  who  have  completed  residency  training 
and  wish  to  undertake  advanced  training  in  cardiopulmonary  research  (the 
largest  percentage);  individuals  awarded  a  Ph.D.  who  are  pursuing  postdoctoral 
cardiopulmonary  related  research;  and,  to  a  lesser  extent,  college  graduates 
working  toward  a  Ph.D.  degree  or  medical  students  in  their  off -quarter  parti- 
cipating on  research  projects. 

The  goal  of  the  Pulmonary  Fellowship  Program  has  been  to  increase  the  number 
of  well  trained  pulmonary  investigators  as  well  as  assure  the  continuation  of 
skilled  imaginative  research  within  the  area  of  respiratory  diseases.  The 
Division  of  Lung  Diseases  supported  14  Special  Fellows  and  six  Regular  Fel- 
lows in  Fiscal  Year  1973.  The  research  interests  of  the  majority  of  these 
fellows  is,  as  in  training  grants,  in  the  the  area  of  pulmonary  physiology. 
A  small  portion  of  the  research  emphasis  is  on  pulmonary  biochemistry,  immuno- 
biology,  bioengineering,  pulmonary  pathology,  and  comparative  anatomy  or  neo- 
natal respiratory  distress  syndrome.  The  research  interests  of  fellows  are 
more  oriented  toward  fundamental  research  than  is  that  of  trainees  participa- 
ting in  graduate  training  programs.  The  majority  of  the  present  fellows  are 
Ph.D.'s;  five  of  these  are  within  the  bioengineering  discipline.  Studies 
range  from  the  development  of  computerized  monitoring  systems  to  aid  physi- 
cians in  intensive  care  units,  to  the  understanding  of  the  fundamental  bio- 
logical membrane  and  its  transport  phenomena. 

The  Pulmonary  Research  Career  Development  Award  is  designed  to  provide  the 
opportunity  for  scientists,  of  outstanding  competence  and  potential,  to  de- 
velop academic  or  research  careers  in  the  area  of  pulmonary  disease.  The 
award  allows  for  a  five-year  salary  commitment  which  permits  an  individual  to 
pursue  an  uninterrupted  research  endeavor.  In  Fiscal  Year  1973  the  Division 
of  Lung  Diseases  supported  25  Research  Career  Development  Award  recipients. 
Fifteen  of  the  Research  Career  Development  awardees  have  been  conducting  re- 
search related  to  the  physiology  of  the  normal  lung  and  pathophysiologic 
modifications.  Four  are  studying  conditions  leading  to  respiratory  failure; 
four,  chronic  bronchitis,  emphysema,  and  related  syndromes;  and  two  are  ex- 
amining pediatric  pulmonary  disease.  Research  being  pursued  by  awardees 
represents  the  wide  range  of  interests  developing  within  the  pulmonary  com- 
munity. Past  trends,  as  reflected  by  the  percentages  of  RCDA's  working  in 
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the  field  of  physiology,  are  giving  way  to  new  initiatives  in  other  biologi- 
cal and  medical  disciplines.  More  interest  is  now  being  given  to  fundamental 
disciplines,  as  indicated  by  RCDA  projects  concerned  with  the  theoretical  and 
practical  behavior  of  biological  membranes,  the  role  of  bacterial  infection 
in  experimental  COPD  and,  proteolytic  enzymes  and  enzymic  structure-function 
relationships. 

The  Research  Career  Award  provides  salary  for  well  recognized  investigators. 
Although  there  have  been  no  new  awards  issued  since  1965,  awardees  continue 
to  receive  support  as  long  as  research  productivity  is  sustained.  At  present 
the  Division  is  supporting  nine  recipients.  The  major  interest  of  the  RCA's 
is  within  the  field  of  physiology  though  one  is  also  a  surgeon,  and  another 
is  an  epidemiologist. 

This  Pulmonary  Academic  Award  program  is  designed  to  develop  or  strengthen 
the  pulmonary  curricula  in  schools  of  medicine  and  osteopathy.  It  was  es- 
tablished in  Fiscal  Year  1971  with  the  issuance  of  four  awards  and  with  12 
additional  awards  being  made  in  1972.  This  fiscal  year  there  were  20  appli- 
cations, of  which  13  were  approved  for  fundirtg.  However,  as  a  consequence  of 
the  training  phase-out,  no  new  awards  were  issued.  In  September  1972  the  Pul 
monary  Academic  Awardees  held  their  semi-annual  meeting  in  Houston.  Each 
awardee  briefly  described  his  program,  including  accomplishments,  problems 
and  general  questions.  This  was  followed  by  open  discussion  among  all  the 
awardees,  representatives  of  the  Pulmonary  Diseases  Advisory  Committee,  and 
Division  staff  to  better  identify  problems  and  the  appropriate  solutions  to 
problems  common  to  all  programs.  General  discussion  centered  around  curri- 
culum content,  teaching  methods,  evaluation  of  programs  and  attraction  of 
bright  students.  The  Pulmonary  Academic  Awardees  decided  to  constitute  three 
subcommittees  on  (1)  Goals  and  Objectives,  (2)  Resources,  and  (3)  Evaluation. 
Reports  by  these  subcommittees  were  presented  at  the  May  1973  meeting.  This 
program  is  a  pioneering  effort  and  has  already  been  reflected  in  substantial 
improvement  in  the  teaching  of  pulmonary  disease  at  the  awardee  institutions. 

Special  Programs 
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Special  programs,  a  new  initiative  for  this  Branch,  will  expand  as  new  pro- 
grams are  developed.  At  present  the  main  responsibility  is  for  conferences.  ^. 
These  are  investigator-initiated  and  reviewed  by  the  customary  mechanisms.  '; 
Two  conferences  that  received  partial  support  through  the  Division  are  as  :' 
follows:  (1)  "Fundamental  Problems  of  Cystic  Fibrosis  and  Related  Diseases"  ii 
(March  14,  15,  16,  1973,  Washington,  D.C.).  The  purpose  of  this  conference  '; 
was  to  review,  evaluate,  and  initiate  possible  new  directions  for  research 
in  cystic  fibrosis  and  other  selected  genetic  pulmonary  hepatic  and  pancreatic 
diseases.  It  was  part  of  the  program  of  the  National  Cystic  Fibrosis  Researc'^j 
Foundation  National  Symposium-and-Sixth  International  Cystic  Fibrosis  Con-  "^ 
gress;  and  (2)  "International  Conference  on  Pulmonary  Reactions  to  Organic  I 
Materials"  (November  8,  9,  10,  11,  1972,  New  York,  New  York).  This  confer-  I 
ence  dealt  with  pulmonary  diseases  resultant  from  reactions  to  foreign  mate-  ,j 
rials.  While  clinical  problems  were  considered,  ranging  from  epidemiologic 
studies  in  byssinosis  to  physiologic  and  pathologic  changes  in  extrinsic  al- 
lergic alveolitis,  much  attention  was  devoted  to  basic  mechanisms. 
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Bioengineering 

During  the  past  year,  a  bioengineering  program  was  initiated  in  the  Special 
Programs  and  Resources  Branch.  This  program  coordinates  the  bioengineering 
aspects  of  the  lung  programs,  including  the  analytical  description  and  model- 
ing of  the  respiratory  and  circulatory  systems  as  well  as  the  conceptual 
studies,  development  and  evaluation  of  devices  used  in  the  diagnosis  and 
management  of  lung  disease. 

The  program  administers  bioengineering-oriented  research  grants  and  plans, 
develops,  and  monitors  contracts  relevant  to  the  lung  program.  Nine  grants 
are  presently  administered  through  this  office.  Five  of  these  grants  in- 
volve the  analysis  and  clinical  evaluation  of  improved  oxygenation  systems 
and  the  remaining  four  are  models  of  lung  function.  In  addition,  this  pro- 
gram interfaces  with  other  Branches  and  Divisions,  by  providing  consultation 
on  bioengineering  aspects  of  respiratory  research. 

PULMONARY  SCOR  BRANCH 

The  Pulmonary  Specialized  Center  of  Research  (SCOR)  program,  initiated  in 
June  1971,  is  designed  to  achieve  a  balanced  research  program  addressed  to 
specific  lung  diseases  or  particular  aspects  of  these  diseases  which  were 
not  adequately  represented  in  the  regular  grant  program.  The  impact  of  this 
program  should  be  reflected  in  more  effective  therapy  and  prevention  of  lung 
diseases.  To  develop  and  coordinate  this  program,  the  Pulmonary  SCOR  Branch 
was  established  in  November  1972.  It  presently  has  administrative  responsi- 
bility for  17  Centers,  supported  at  a  level  of  $7  million. 

To  capitalize  on  available  knowledge  and  resources,  the  program  emphasizes  a 
multidisciplinary  approach  so  clinical  and  basic  disciplines  are  brought  to 
bear  on  pediatric  and  adult  interstitial,  infectious,  immunologic,  environ- 
mental and  chronic  lung  diseases.  Essential  to  this  approach  is  the  exchange 
of  ideas  and  collaboration  both  within  and  among  Centers.  Mechanisms  through 
which  exchange  and  collaboration  have  taken  place  include  workshops  and  in- 
formal sessions,  SCOR  directors  meetings,  and  visits  among  investigators  with 
mutual  interests.  Reports  of  each  workshop  are  made  available  to  all  inter- 
ested investigators  through  the  Division  of  Lung  Diseases. 

In  the  following  summary,  SCOR  activities  are  presented  in  terms  of  the  broad 
disease  categories  to  which  they  are  addressed. 

Pediatric  Respiratory  Diseases 

Respiratory  distress  syndrome  (RDS)  of  the  newborn  is  the  most  prevalent 
cause  of  neonatal  mortality.  Research  on  this  syndrome  is  pursued  in  6  of 
the  17  pulmonary  Centers;  it  is  the  main  emphasis  at  2  of  them  and  involves 
a  considerable  portion  of  the  activity  in  4  others.  In  another  center, 
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older  children  are  being  followed  to  determine  the  effects  of  viral  infec-   ▼! 
tion  in  childhood  on  chronic  obstructive  lung  disease  in  later  life.         ' 

Stresses  during  pregnancy  and  parturition,  which  seem  to  be  associated  with    ! 
the  occurrence  of  RDS,  are  being  investigated  for  their  effects  on  lung  de- 
velopment and  function.  A  method  for  the  analysis  of  surfactant  activity  in   » 
amniotic  fluid  has  been  developed  and  now  permits  prenatal  prediction  of  RDS   , 
with  considerable  reliability.  g 

Efforts  are  being  made  to  identify  and  isolate  (by  culture  techniques)  the  I 

specific  alveolar  cells  that  synthesize  or  secrete  surfactant.  Its  -bio-  i 

synthetic  pathways  and  its  function  are  under  investigation  at  several  cen-  , 
ters,  using  human  and  animal  tissue,  as  well  as  single  cell  strains.  Canine 

pulmonary  surfactant  has  been  purified  and  fractionated  into  phospholipid  j 

and  protein  moieties.  Immunologic  methods  are  now  being  developed  to  study  j 

the  ontogeny  of  surfactant  functions.  Lung  surfactant  content  is  being  com-  | 

pared  with  respect  to  age  and  body  weight  in  human  fetuses  in  order  to  better  ' 

define  its  relationship  to  developmental  lung  alveolar  stability  and  the  on-  : 

togeny  of  lung  enzyme  systems  involved  in  lipid  biosynthesis.  The  effects  | 

of  steroids  and  ACTH  on  fetal  lung  and  tracheal  fluid  surfactant  content  are  I 

being  assessed  and  related  to  pressure-volume  curves  and  histological  find-  ' 

ings.  " 

In  an  approach  to  therapy,  several  investigators  have  used  continuous  posi-  I 
tive  airway  pressure  (CPAP)  with  great  success  as  primary  treatment  in  many  ' 
cases  of  severe  RDS.  To  improve  and  evaluate  the  effectiveness  of  this 
technique,  investigators  from  several  centers  have  agreed  to  use  common  cri- 
teria for  diagnosis  of  RDS  and  common  criteria  for  the  initiation  and  termi- 
nation of  CPAP.  This  study  will  be  complemented  by  an  assessment  of  the 
neurological  and  intellectual  development  of  infants  surviving  RDS. 

Several  centers  are  developing  animal  models  of  infantile  RDS  to  study  its 
pathogenesis.  Animal  models  will  hopefully  prove  valuable  in  the  investiga- 
tion of  not  only  the  etiology  and  pathogenesis,  but  also  in  the  treatment 
and  prevention  of  neonatal  RDS,  thus  supplementing  the  clinical  studies. 

Adult  Respiratory  Diseases 

Environmental  lung  diseases  and  investigations  of  etiologic  factors  such  as 
air  pollutants,  (O3,  CO,  SO3,  and  UO2) ,   cigarette  smoking,  and  occupational 
exposures  are  the  focus  of  projects  at  10  centers.  Workers  exposed  to  asbes- 
tos, silica,  cement,  and  cotton  dust  are  being  investigated  by  epidemiologic 
techniques.  They  are  followed  using  pulmonary  function  tests,  biochemical 
tests  and,  when  possible,  histological  examinations.  In  other  studies, 
inhaled  organic  pollens  or  molds  are  used  as  antigenetic  substances  to 
stimulate  the  bronchoconstriction  observed  in  asthmatic  patients,  or  the 
hypersensitivity  pneumonitis  seen,  for  instance,  in  farmers  or  pigeon  breed- 
ers. These  epidemiologic  studies  have  required  the  development  of  new  tech- 
nology for  sensitive  pulmonary  function  testing. 
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Disease  of  the  airways  under  study  in  the  SCOR  network  include  asthma,  bron- 
chitis, emphysema,  and  related  conditions  such  as  alphai  antitrypsin  defi- 
ciency. The  program  deals  mostly  with  aspects  of  early  diagnosis.  To  this 
end,  function  tests  such  as  flow-volume  curves,  closing  volume  measurements, 
and  peak  acceleration  in  early  forced  expiration,  are  being  assessed  along 
with  roentgenographic,  scintillation  and  bronchographic  techniques.  Stan- 
dardization of  tests,  such  as  closing  volume,  has  been  encouraged  to  assure 
comparability  among  studies. 

Epidemiologic  studies  provide  information  about  etiology  and  the  interaction 
of  genetic  and  environmental  factors.  Alpha^  antitrypsin  deficiency  is  being 
studied  at  the  biochemical  and  clinical  level  by  several  groups.  The  active 
sites  and  delineation  of  specific  mechanism  of  action  of  alpha i  antitrypsin 
molecule  are  being  investigated.  These  studies  also  focus  on  the  possible 
biochemical  basis  of  lung  injury. 

The  hypothesis  that  the  alveolar  macrophage  plays  a  significant  role  in  chro- 
nic inflammation,  specifically  chronic  bronchitis,  pneumoconiosis,  and  tu- 
berculosis is  being  tested.  The  macrophage  proteinase  and  other  collagenases 
and  elastases  of  inflammatory  cells  may  play  vital  roles  in  the  pathogenesis 
of  irreversible  tissue  destruction.  A  better  understanding  of  these  enzyme 
systems,  their  synthesis  and  mechanism  of  action,  may  allow  investigators  to 
control  their  metabolic  and/or  functional  behavior  and  thus  prevent  their 
deleterious  effects. 

Proteolytic  enzymes  such  as  papain,  trypsin,  collagenase,  etc.,  are  used  to 
study  emphysema  and  bronchitis-like  lesions  in  animal  models;  the  site  and 
mode  of  action  of  these  enzymes  is  under  investigation.  Another  animal 
model  has  been  developed  to  create  a  pulmonary  vascular  defect  resulting  from 
microemboli ;  this  produces  a  reduction  of  the  pulmonary  capillary  bed  which 
functionally  may  be  analagous  to  that  seen  in  emphysema.  A  model  approxi- 
mating airway  changes  in  asthma  has  also  been  developed  in  the  dog.  Resis- 
tance, compliance,  diffusion  and  tantalum  bronchographic  measurements  have 
shown  that  this  model  is  suitable  for  the  study  of  asthma.  Using  differen- 
tial vagal  cooling,  atropine  infusion,  and  histamine  inhalation,  a  vagally- 
mediated  reflex  broncho-constriction,  has  been  demonstrated. 

Pulmonary  interstitial  diseases,  which  represent  a  sizeable  segment  of  res- 
piratory disorders,  may  be  allergic,  congenital,  metabolic,  infectious,  or 
occupational  in  orgin.  Several  centers  are  working  on  diseases  in  this 
group.  One  is  concerned  with  sarcoidosis,  granulomatous  disease  of  the  lung, 
of  non-infectious  origin.  Using  an  animal  model,  mostly  the  dog,  investiga- 
tors attempt  to  evaluate  the  time  course  of  changes  in  gas  exchange  impair- 
ment during  the  development  of  the  experimental  granulomatous  disease. 

Diffuse  involvement  of  lung  parenchyma  with  a  predominant  fibrotic  reaction 
is  studied  in  patients.  This  includes  serial  lung  biopsies  and  other  labora- 
tory investigations  to  study  the  various  hypotheses  regarding  the  role  of 
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physical,  chemical,  immunological  and  microbiological  insults  in  the  patho- 
genesis and  prognosis  of  the  disease.  Detailed  pathologic  studies  are  cor- 
related with  tissue,  cellular  and  molecular  reactions,  using  a  variety  of 
models  as  well  as  human  patients  where  applicable. 

At  a  biochemical  level,  the  metabolism  of  elastin  is  under  investigation  in 
lung  tissue  and  cells  cultured  from  mouse  lungs.  Collagen,  another  struc- 
tural protein  thought  to  be  significantly  involved  in  the  pathogenesis  of    ( 
pulmonary  fibrosis  and  emphysema,  is  being  studied  in  relatively  normal  and 
diffusely  diseased  lung  specimens  and  in  cell  systems. 

Allergic  hypersensitivity  reactions  resulting  in  diffuse  pneumonitis  are 
often  caused  by  various  extrinsic  agents,  usually  inhaled  of  organic  dusts. 
Immunologic  mechanisms  in  pathogenesis  of  these  lung  diseases  are,  therefore, 
of  major  interest  at  several  centers.  One  center  has  become  a  referral  cen- 
ter for  examinations  of  serological  samples  from  patients  with  suspected 
hypersensitivity  pneumonitis.  The  samples  received  are  examined  for  precipi- 
tating antibodies  to  a  variety  of  organic  dust  antigens.  When  cases  are 
strongly  suspected,  additional  information  is  requested  and  eventually  the 
patient  may  be  seen.  Several  other  SCORs  have  availed  themselves  of  this 
service  and  over  300  samples  have  been  tested  in  the  past  six  months.        { 

Pulmonary  vascular  diseases  under  investigation  include  pulmonary  hyperten-    i 
sion,  thromboembolism  and  edema.  Work,  is  being  done  on  the  metabolism  and     ; 
site  of  action  of  vasoactive  substances  that  mediate  reactions  associated 
with  pulmonary  hypertension.  The  vasoactive  intestinal  polypeptide  has  been  ^ 
synthesized  and  its  biological  activity  has  been  determined.  Further  puri- 
fication of  the  vasoactive  lung  peptide  is  underway,  along  with  the  develop- 
ment of  immunofluorescent  techniques  for  the  determination  of  the  sites  of     ' 
its  synthesis  and  storage.  This  work  is  designed  to  clarify  aspects  of  the 
metabolic  and  endocrine  functions  of  the  lung  that  relate  to  these  vasoactive   , 
substances.  ; 

The  role  of  human  circulating  fibrinopeptides  in  experimental  pulmonary  hyper-  i 
tension  is  under  study.  Pulmonary  hypertension  and  corpulmonale  in  dogs  have 
been  produced  experimentally.  This  is  to  assess  the  hypothesis  that  right  | 
ventricular  dysfunction  secondary  to  destruction  of  the  pulmonary  vascular  j 
bed  may  be  significant  in  limiting  the  physiologic  performance  of  patients  i 
with  COPD.  I 

Pulmonary  thromboembolism  is  being  studied  with  a  possible  new  approach  to  ' 

diagnosis,  namely  identification  of  biochemical  abnormalities  which  may  be  j 
present  in  thromboembolic  processes  such  as  changes  in  fibrin  split  pro- 

ducts  or  fibrinogen  elution  patterns.  (M 

Pathogenesis  of  pulmonary  edema,  an  important  aspect  of  many  pulmonary  and 
extrapulmonary  diseases,  is  studied  at  one  Center  using  the  sheep  model.  j 
Utilizing  tracer  albumin  equilibration,  the  investigators  are  able  to  detect  , 
early  pulmonary  edema.  Technology  for  measuring  lung  electrical  conductivity  \ 
as  a  reflection  of  pulmonary  extracellular  water  is  being  developed.  This  ' 
method  could  prove  to  be  a  valuable  noninvasive  technique  for  early  detection  ^ 
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of  pulmonary  edema.  A  workshop  conference  dealing  with  various  aspects  of 
pulmonary  edema  (held  in  September  1972)  concentrated  on  work  in  progress, 
future  directions  and  new  areas  of  research  that  need  to  be  emphasized.  A 
report  from  this  workshop  has  been  distributed  to  all  Division  grantees  as 
well  as  other  interested  investigators. 

Acute  respiratory  insufficiency  is  studied  at  two  centers  but  only  one  of 
these  has  this  disease  category  as  a  central  focus.  Computer  interpreta- 
tion, with  on-line  direct  read-out,  of  various  physiologic  parameters 
facilititates  the  the  evaluation  of  patients  before  the  full  blown  syndrome 
develops.  The  effect  of  the  therapy  may  also  be  followed  by  this  means. 
Under  certain  conditions,  anesthesia  and  mechanical  ventilation  may  contri- 
bute to  the  development  of  post-traumatic  respiratory  insufficiency  and 
several  studies  attempt  to  elucidate  this  association.  The  effect  of  anes- 
thetic agents,  muscle  relaxants,  and  types  of  mechanical  ventilators  on 
pulmonary  mechanics  and  the  distribution  of  ventilation  and  perfusion  are 
therefore  studied  in  all  of  these  situations. 

Deficiency  or  inactivation  of  pulmonary  surfactant  is  associated  with  res- 
piratory insufficiency  and  may  play  an  important  pathologic  role.  As  indi- 
cated earlier  in  this  report,  the  SCOR  network  has  several  projects  dealing 
with  the  biosynthesis,  metabolism,  structure,  and  function  of  surfactant,  and 
its  relationship  both  to  adult  and  neonatal  RDS.  Approaches  in  many  of  these 
studies  includes  morphologic  analysis  with  light  and  electronmicroscopy  and 
immunochemical  characterization. 

The  development  of  appropriate  animal  models  to  study  pathogenic  mechanism 
of  acute  lung  diseases  if  of  value  to  all  aspects  of  pulmonary  research. 
In  some  models,  changes  in  cell  biochemical  and  metabolic  pathways,  abnor- 
malities of  cell  division  and  electron  microscopic  evaluations  of  pathologic 
tissue  are  studied  in  various  oxygen  exposures.  Experimental  respiratory 
distress  using  paraquot  and  hyperoxia  are  presently  evaluated  in  rabbits, 
cats,  guinea  pigs,  and  dogs. 

The  treatment  of  acute  and  chronic  pulmonary  diseases  in  adults  is  being 
evaluated  in  several  ways.  Application  of  the  membrane  oxygenator  and 
positive  end-expiratory  pressure  in  conjunction  with  mechanical  ventilation 
for  treatment  of  acute  reversible  respiratory  insufficiency  in  adults  show 
promise  with  respect  to  short  and  long-term  effects.  Other  treatment  and 
rehabilitative  techniques  under  investigation  also  show  promising  results. 
They  include  electrophrenic  stimulation  in  selected  patients;  physiotherapeu- 
tic procedures  such  as  postural  drainage,  transtracheal  suctioning  and 
pursed-lip  breathing;  and  operant  conditioning  to  extend  exercise  tolerance. 
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Annual  Report 

of 

Division  of  Blood  Diseases  and  Resources,  NHLI 

July  1,  1972  through  June  30,  1973 


Th6  blood  programs  of  the  National  Heart  and  Lung  Institute  deal  with 
three  problem  areas:   Bleeding  and  Clotting  Disorders,  Sickle  Cell  Disease 
and  Related  Disorders  of  the  Red  Blood  Cell,  and  Blood  Resources.   The 
Branches  within  the  Division  responsible  for  each  of  these  problem  areas 
are  the: 

Thrombosis  and  Hemorrhagic  Diseases  Branch 

Sickle  Cell  Disease  Branch 

Blood  Resources  Branch 
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Annual  Report  of 
Thrombosis  and  Hemorrhagic  Diseases  Branch 
Division  of  Blood  Diseases  and  Resources ,  NHLI 
July  1,  1972  through  June  30,  1973 

Branch  Summary 

BACKGROUND:   The  Thrombosis  and  Hemorrhagic  Diseases  Branch  was  established 
in  1969  to  encourage  and  support  research  on  problems  in  blood  disorders. 
During  the  past  year,  the  Branch,  employing  the  full  range  of  support  mecha- 
nisms (project  grant,  program  project,  cooperative  project.  Specialized 
Centers  of  Research  and  contracts) ,  and  in  coordination  with  different  units 
within  this  and  other  Institutes,  has  supported  research  projects  in  throm- 
bosis and  hemorrhage,  the  hemoglobinopathies  and  important  basic  research. 
Funding  for  the  Branch  program  during  FY  '73  was  approximately  $16.9  million 
for  275  grants  and  5  Specialized  Centers  of  Research. 

A  proposed  realignment  within  the  newly  established  Blood  Division  will  some- 
what modify  the  Branch  responsibilities  in  the  future  and  will  enable  it  to 
be  more  responsive  and  sensitive  to  the  specific  area  of  thrombosis  and  hem- 
orrhagic diseases.   Consequently,  the  areas  highlighted  in  this  report  are 
those  which  fall  under  this  heading  and  were  specifically  addressed  by  the 
National  Heart  and  Lung  Institute  Plan  as  part  of  a  unified  blood  program: 
The  Hemophilias,  Platelet  Abnormalities,  Microcirculatory  Thrombosis,  Throm- 
boembolism in  Relation  to  Prosthetic  Devices,  and  Thromboembolic  Disorders. 
The  total  awarded  for  these  areas  during  FY  '73  was  approximately  $7  million 
for  117  grants  and  2  contracts. 

I.  HEMOPHILIA  AND  OTHER  BLEEDING  DISORDERS: 

The  research  objectives  of  these  grants  aim  toward  a  better  understanding 
of  the  physiologic  mechanisms  of  hemostasls  and  of  the  pathologic  derange- 
ment of  the  mechanisms  that  result  In  hemorrhagic  diseases;  the  development 
of  tests  for  the  early  and  accurate  diagnosis  of  hemostatic  disorders  and 
the  development  of  effective  tools  for  their  prevention  and  therapy.  A 
significant  number  of  these  grants  support  a  broad  range  of  fundamental 
studies  directed  at  the  complex  mechanisms  that  promote  coagulation  and  clot 
lysis.  Efforts  to  understand  the  diseases  resulting  from  deficiencies  in 
plasma  coagulation  factors  include  studies  on:  the  genetic  and  physiologic 
mechanisms  that  control  their  production,  the  sites  of  formation  at  organ, 
cellular  and  molecular  levels,  and  the  nature  and  mechanisms  of  activity  of 
a  variety  of  coagulation  factors  and  inhibitors.  To  provide  for  practical, 
widespread  application  of  research  results  to  the  patient  population,  studies 
are  being  conducted  to  Improve  the  methods  of  isolating,  concentrating  and 
storing  of  various  coagulation  factors.   Studies  are  also  being  funded  to 
determine  further  approaches  toward  suppressing  joint  injury  and  destruction 
not  uncommonly  found  in  hemophilia.  The  support  of  at  least  four  sizeable 
colonies  of  different  and  unique  animal  models  of  human  hereditary  hemorrhagic 
disorders  make  possible  a  variety  of  otherwise  impracticable  experiments. 
Approximately  63  grants  for  $3.7  million  are  directed  toward  research  on  the 
hemophilias. 
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II.  PLATELET  ABNORMALITIES  IN  HEMORRHAGIC  DISORDERS; 

Over  a  dozen  grants  funded  for  a  1/2  million  dollars  deal  with  research  aimed 
at  clarifying  the  nature  and  role  of  platelet  abnormalities  in  patients  with 
defects  in  the  primary  arrest  of  bleeding  (thrombocytopathy,  thrombasthenia 
and  von  Willebrand's  disease.)   Included  in  this  research  effort  are  investi- 
gations directed  toward  the  diagnosis  and  effective  therapy  of  these  conditions. 
The  elucidation  of  the  mechanisms  and  control  of  platelet  contraction,  adhesion, 
aggregation  and  release,  crucial  for  normal  hemostasis  are  major  targets  for 
research  efforts.  Furthermore,  the  physiocochemical,  metabolic,  and  biochemi- 
cal bases  for  platelet-coagulant  activity,  such  as  contact  product -forming 
activity,  collagen- induced  coagulant  activity,  heparin  activity  and  platelet 
Factor  A  activity,  are  studied  as  well  as  their  possible  importance  and  sig- 
nificance in  the  pathogenesis  of  thrombosis.   Research  in  this  area  includes 
such  studies  as  the  biochemical  and  physiological  properties  of  subcellular 
platelet  compartments,  platelet  energy  metabolism,  membrane  phosphorylation 
and  regulation  of  platelet  function,  molecular  biology  of  platelet-platelet 
and  platelet-endothelial  interactions,  adenosine  metabolism  and  the  interaction 
of  platelet  receptors  with  adenylate  cyclase,  formation  and  release  of  prosta- 
glandins in  human  platelets,  platelet  contractile  protein  and  collagen-platelet 
interaction.  In  addition,  studies  are  carried  out  on:  the  mechanism  whereby 
immune  complexes  attach  to  platelet  membranes ,  and  the  role  of  complement  in 
the  production  of  platelet  injury.  Other  research  involves  the  biochemical, 
morphologic  and  functional  aspects  of  platelets  in  von  Willebrand's  disease. 

III.  MICROCIRCULATORY  THROMBOSIS ; 

The  Blood  Division  administers  a  very  small  amount  of  research  in  this  impor- 
tant area  since  a  majority  of  the  proposals  on  microcirculation  is  assigned 
to  other  divisions  within  the  Institute.  Only  three  research  projects  (one 
will  soon  terminate)  are  funded  for  $418,344  from  this  Division,  which  feature 
investigations  on  problems  of  thrombosis  in  the  microvasculature.   Through  the 
integrated  application  of  techniques  in  biochemistry,  physiology,  and  light 
and  electron  microscopy,  in  vivo  and  in  vitro  investigations  are  being  con- 
ducted on  blood  platelets,  red  blood  cells,  the  vessel  wall  and  the  lung.  This 
includes,  also,  basic  work  on  cells,  membranes  and  the  microvascular  systems  in 
animals  and  applied  work  in  humans.   The  organs  studied  in  normal  humans  and 
patients  dying  of  shock  and  pulmonary  edema  are  gastro-intestinal  tract,  lung, 
kidney,  myocardium,  brain  and  extremities.   Advanced  and  promising  quantitative 
procedures  are  being  applied  to  the  study  of  mechanisms  of  platelet  and  fibrin 
thromboembolism,  as  well  as  hemostatic  reactions  in  the  living  blood  vessels 
of  the  microvascular  system.   Studies  are  being  pursued  to  determine  what  bio- 
physical and  biochemical  changes  occur  during  thromboembolism  and  hemostasis. 
Special  attention  is  being  given  to  the  reaction  of  platelets  both  in  vivo 
and  in  vitro  and  attempts  made  to  counteract  or  minimize  the  deleterious  ef- 
fects caused  by  the  defense  mechanisms  normally  utilized  by  the  body  to  com- 
pensate for  injury  of  the  microvascular  system. 
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IV.  THROMBOEMBOLISM  IN  RELATION  TO  PROSTHETIC  DEVICES; 

The  Blood  Division,  while  having  a  prime  interest  in  this  area,  has  not  been 
assigned  any  proposals  which  have  as  a  major  research  component  the  thrombo- 
embolic response  of  blood  to  prosthetic  devices.  In  the  preservation  and 
storage  of  blood  and  its  components,  the  Division  has  a  high  stake  in  the 
successful  prosecution  and  application  of  these  research  investigations. 

V.  THROMBOEMBOLIC  DISORDERS: 

These  studies  are  supported  by  38  grants  for  approximately  $2.5  million  and 
by  two  contracts  for  $221,507.  They  fall  into  two  major  categories:   (1) 
arterial  thromboembolism,  and  (2)  venous  thromboembolism.  While  some  of  the 
grants  address  the  interrelationships  of  thrombosis  and  atherosclerosis,  the 
bulk  of  these  are  administered  by  another  unit  within  the  Heart  and  Lung 
Institute. 

(1)  Arterial  Thromboembolism:  This  research  is  supported  by  grants  and  con- 
tracts. The  yrants  are  awarded  primarily  for  basic  studies  which  are  neces- 
sary to  understanding  the  underlying  causes  of  thromboembolism  and  the  inter- 
action of  blood  and  its  constituents  with  the  arterial  vessel  wall.  These 
research  projects  employ  multiple  disciplines  through  the  involvement  of  bio- 
chemical, physiologic,  pathological.  Immunological,  molecular,  genetic,  bio- 
physical and  therapeutic  fields.  Fundamental  as  well  as  some  clinical  inves- 
tigations relevant  to  the  prevention  of  impending  coagulation  problems  and 
diagnosis  of  the  early  or  completed  thrombotic  process  include  work  on  plate- 
lets, plasma  factors,  fibrin  and  their  precursors,  inhibitors  and  activators, 
and  other  blood  and  vessel  wall  components.   Some  promising  assays  based  on 
fibrin  degradation  products  are  being  developed  along  with  tagging  and  scan- 
ning techniques,  thus  providing  potential  tools  for  the  prevention  and  quanti- 
tation of  the  intravascular  coagulation  process  and  the  localization  and  extent 
of  accomplished  thrombosis.   In  vitro  and  in  vivo  models  are  being  developed 
to  study  the  cellular,  chemical  and  hemodynamic  variables  in  the  production  of 
thrombi  and  to  test  drugs  and  chemicals  potentially  able  to  prevent  thrombosis 
or  to  lyse  formed  thrombi.  A  number  of  anti-coagulation  and  clot-lysis  agents 
are  undergoing  Intensive  study  and  when  proven  efficacious  and  relatively 
safe,  carefully  controlled  clinical  trials  will  be  initiated.  One  trial,  for 
which  a  contract  has  been  let  for  a  third  and  final  year,  is  a  clinical  study 
of  thrombolytic  agents  in  the  treatment  of  pulmonary  embolism.  The  Urokinase- 
s' -»ptokinase  Pulmonary  Embolism  Trial  (USPET)  seeks  to  answer  the  question 
of  vhather  a  significant  difference  exists  in  clot  dissolving  efficacy  or  tox-r 
icity  amcrig  various  regimens  of  thrombolytic  therapy  given  to  patients  with 
pulmonary  embolism.  This  represents  the  first  controlled  randomized  compari- 
son of  two  thrombolytic  agents,  urokinase  and  streptokinase,  in  a  large  series 
of  patients  with  thromboembolic  disease.  As  a  secondary  goal,  information  is 
being  gathered  which  should  prove  valuable  for  a  possible  trial  of  thrombolytic 
agents  In  acute  myocardial  infarction.  Since  the  information  obtained  from 
this  trial  will  be  important  to  the  management  of  pulmonairy  embolism  and  to 
the  possible  mounting  of  a  myocardial  infarction  trial,  a  multi-institutional 
effort  has  been  organized.  To  date  176  patients  have  been  accessioned  into 
this  study  and  it  is  anticipated  that  the  decoding  and  analyzing  of  patient 
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data  will  take  place  in  the  Fall  of  1973  with  full  results  published  in  the 
Spring  of  1974.  Funding  thus  far  is: 

FY'1971  $476,312 
FY'1972  $251,667 
FY'1973         $131,507 

Institutional  Participants: 

University  of  Colorado  Medical  School 
Denver,  Colorado 

Principal  Investigator:  Dr.  Edward  Genton 
FY  1973  Support:   0 

Emory  University 

Atlanta,  Georgia 

Principal  Investigator:  Dr.  Nanette  Wenger 

FY  1973  Support:   $1,500 

Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:  Dr.  William  Bell 

FY  1973  Support:  0 

Marshfield  Clinic  Fdn. 

Marshfield,  Wisconsin 

Principal  Investigator:  Dr.  Richard  Sautter 

FY  1973  Support:   0 

University  of  Michigan 

Ann  Arbor,  Michigan 

Principal  Investigator:   Dr.  Park  W.  Willis,  III 

FY  1973  Support:   0 

University  of  Texas  Medical  Branch 
Galveston,  Texas 

Principal  Investigator:  Dr.  William  deGroot 
FY  1973  Support:   0 

University  of  Washington 

Seattle,  Washington 

Principal  Investigator:  Dr.  J.  R.  Blackmon 

FY  1973  Support:   0 

Central  Laboratory 

New  York,  New  York 

Principal  Investigator:   Dr.  Alan  Johnson 

FY  1973  Support:   $18,821 

Veterans  Administration  Hospital  (Reimbursable  Agreement) 

West  Roxbury,  Massachusetts 

Principal  Investigator:  Dr.  Arthur  A.  Sasahara 

FY  1973  Support:   $41,336 
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Personal  Services  Contracts ; 

Beth  Israel  Hospital 

Boston,  Massachusetts 

Principal  Investigator:  Dr.  Morris  Simon 

FY  1973  Support:  $10,500 

University  of  California 

San  Diego,  California 

Principal  Investigator:  Allan  Simon 

FY  1973  Support:   $10,500 

University  of  California 

San  Francisco,  California 

Principal  Investigator:  Dr.  Richard  H.  Greenspan 

FY  1973  Support:  $10,500 

Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:  Dr.  Henry  Wagner 

FY  1973  Support:  $6,900 

Argonne  Cancer  Hospital 

Chicago,  Illinois 

Principal  Investigator:  Dr.  Alexander  Gottschalk 

FY  1973  Support:  $6,900 

Edward  Mallinckrodt  Institute 

St.  Louis,  Missouri 

Principal  Investigator:  Dr.  E.  James  Potchen 

FY  1973  Support:  $6,900 

Veterans  Administration  Hospital 

New  York,  New  York 

Principal  Investigator:  Dr.  Donald  E.  Tow 

FY  1973  Support:  $6,900 

University  of  Washington 

Seattle,  Washington 

Principal  Investigator:  Dr.  Wil  B.  Nelp 

FY  1973  Support:  $6,900 

A  second  contract  for  $90,000  has  been  let  for  a  coordinating  center  which 
has  been  designated  to  participate  in  a  proposed  trial  of  thrombolytic  agents 
in  acute  myocardial  Infarction.  The  coordinating  center  is  responsible  for 
the  surveillance  of  data  collection  from  clinical  centers  to  assure  adequate 
protocol  adherence,  and  the  processing  and  analysis  of  all  data  for  the 
Streptokinase  Myocardial  Infarction  Trial.  This  trial  is  being  planned  to 
provide  a  definitive  answer  to  the  question  of  the  efficacy  of  thrombolytic 
agents  in  acute  myocardial  infarction,  which  for  a  variety  of  reasons  has 
not  been  answered  by  previous  foreign  trials.  The  results  of  the  trial  will 
also  help  to  provide  indirect  evidence  about  the  role  of  thrombosis  in  myo- 
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cardial  infarction.  The  specific  duties  of  the  coordinating  center  are: 
assistance  in  final  protocol  development,  preparation  of  a  manual  of  opera- 
tions, development  and  pre-testing  of  forms  and  procedures,  development  of 
randomization  procedures,  instruction  of  clinical  staff  in  data  acquisition, 
evaluation  of  clinic  performance,  testing  the  data  with  respect  to  long- 
term  mortality  experience,  periodic  analysis  of  new  events  and  complications, 
and  preparation  of  reports  using  new  or  modified  methods  of  analysis.  The 
contract  for  this  coordinating  center  was  awarded  to: 

The  George  Washington  University 
Washington,  D.C. 

Principal  Investigator:  Mr.  Jerome  Cornfield 
FY  1973  Support:   $90,000 

Because  rapid  communication  is  important  to  the  advance  of  thrombosis  and 
related  fields,  conferences  on  timely  topics  are  supported.   One  recent  con- 
ference held  in  Washington  was  the  III  International  Congress  on  Thrombosis 
and  Hemostasis,  which  provided  a  forum  for  discussion  of  thrombosis  as  a 
major  world  health  problem  and  as  part  of  a  planned  attack  on  this  problem. 
A  second  more  modest  conference  focused  on  clot  stabilizing  enzymes ,  an  area 
which  has  created  excitement  since  they  are  known  to  have  a  central  role  in 
hemostasis  and  wound  healing.  Preliminary  experiments  indicate  that  the 
clot  stabilizing  enzyme  is  the  only  factor  affected  by  estrogen  and  proges- 
terone, thus  suggesting  that  an  increase  of  this  enzyme  might  be  responsible 
for  the  thrombotic  state.  This  is  especially  relevant  to  the  question  of 
contraceptive  pills.   A  one -day  workshop  was  held  to  review  our  existing 
knowledge  of  the  relationship  of  thrombosis  to  the  development  of  myocardial 
infarction. 

(2)  Venous  Thromboembolism:  These  grants  are  heavily  clinical  but  also  in- 
clude basic  studies  conducted  in  several  species  of  animals.  The  objective 
of  these  investigations  is  to  understand  the  underlying  mechanisms  contribut- 
ing to  the  initiation  and  pathogenesis  of  venous  thromboembolic  phenomena 
and  their  prevention,  diagnosis  and  treatment. 

In  recognition  of  the  magnitude  of  the  problem  of  venous  thrombosis,  epide- 
miologic studies  on  prevalence  and  Incidence  are  being  supported.   In  addi- 
tion, investigations  are  underway  to  assess  the  risk  factors  associated  with 
the  complications  of  venous  disease  (post-phlebitic  syndrome  and  pulmonary 
embolism)  in  high-risk,  hospitalized  patients  where  frequency  of  venous  dis- 
ease complications  are  greater  than  usual.  The  classical  concept  that  venous 
thrombosis  is  due  to  a  stasis  clot,  is  being  challenged  resulting  in  investi- 
gations of  the  value  of  agents  affecting  platelet  function  in  reducing 
the  risk  of  thromboembolism  in  patients.   It  is  hoped  that  a  controlled 
clinical  trial  with  agents  affecting  platelet  function  will  result  in  a 
prophylactic  method  which  is  less  hazardous  than  anti-coagulant  therapy  for 
treating  complications. 

Methods  presently  used  or  being  evaluated  for  the  diagnosis  of  venous  throm- 
bosis include  the  clinical  examination,  venography,  Doppler  ultrasound  tech- 
nique, impedance  plethysmography,  radioactive  scanning  techniques,  and  vari- 
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ous  coagulatioa  assays.  All  are  being  improved  or  refined  and  a  series  of 
sensitive  assays  and  diagnostic  tests  are  being  developed  to  detect  the  pres- 
ence, location  and  severity  of  thrombus  formation  and  to  aid  in  the  preven- 
tion and  treatment  of  thromboembolic  disease  and  its  complications. 

Basic  and  applied  studies  in  animals  are  exploring:  the  role  of  the  endo- 
thelium in  the  initiation  of  thrombosis  and  fibrinolysis ,  employing  mechan- 
ical injury  and  serum  injection;  the  changes  produced  by  oral  contraceptives 
in  the  surface  charge  density  of  vessel  walls  and  the  blood  cells,  utilizing 
alectrokinetic  methods;  the  role  of  intravascular  fibrin  formation  and  iepo- 
itltic^   snd  mechanisms  relating  to  venous  thrombosis  and  certain  other  clin- 
ical states;  changes  that  occur  in  the  coagulation  system,  platelets  and 
fibrinolytic  systems,  before  and  during  experimental  formation  of  thrombi; 
the  value  of  a  variety  of  assays  in  detecting  the  early  thrombotic  state; 
the  thrombogenic  effect  of  histamine  and  other  substances  liberated  from  the 
mast  cell  on  veins,  utilizing  light  and  electron  microscopy,  autoradiography, 
chemical  and  coagulation  tests;  the  intravasation  of  marrow  fat  and  pulmonary 
fat  embolism  after  bone  marrow  injury;  and  the  role  of  various  agents  on  the 
genesis  of  venous  thrombosis  and  the  efficacy  of  pharmacologic  agents  in  pre- 
venting or  alleviating  venous  thrombosis. 

As  mentioned  earlier,  the  Blood  Division  administers  several  grants  support- 
ing special  colonies  of  animals  with  specific  hereditary  abnormalities  in 
the  blood  clotting  proteins  and  platelets.   Should  these  colonies  be  expanded 
and  coordinated  as  a  cooperative  effort,  they  could  become  a  national  re- 
search resource  for  those  investigators  interested  in  problems  of  thrombosis 
and  hemorrhage. 

(3)  Specialized  Centers  of  Research  (Thrombosis) 

The  Blood  Division  continues  the  support,  through  special  grants,  of  five 
SCOR  programs  in  the  thrombosis  area.  These,  now  in  their  third  grant  year 
were  all  committed  for  five  years.  Each  of  these  five  projects  represents  a 
multidisciplinary,  collaborative  attack  on  the  problems  of  thrombosis  ranging 
from  basic  studies  on  the  coagulation  mechanism,  platelet  physiology,  bio- 
chemistry and  ultrastructure  through  the  clinical  sciences  relating  to  re- 
search in  diagnosis,  prevention  and  treatment  of  thrombosis.  Much  of  the 
research  is  relevant  also  to  problems  of  hemorrhagic  disease  as  provided  in 
the  original  program  plan. 

V(a>£:s  State  University 

Detroit,  Michigan 

Principal  Investigator  -  Dr.  Seegers 

FY  1973  S-apport:  $248,453 

Washington  University 

St.  Louis,  Missouri 

Principal  Investigator:  Dr.  Wessler 

FY  1973  Support:  $466,182 
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Beth  Israel  Hospital 
Boston,  Massachusetts 
Principal  Investigator  -  Dr. 
FY  1973  Support:   $101,438 


Deykin 


University  of  North  Carolina 
Chapel  Hill,  North  Carolina 
Principal  Investigator:  Dr.  Brinkhous 
FY  1973  Support:   $350,998 

Temple  University 
Philadelphia,  Pennsylvania 
Principal  Investigator  -  Dr.  Sherry 
FY  1973  Support:   $516,984 

Supplementation  of  four  of  the  five  programs  is  proposed  using  FY  1973  funds 
but  not  yet  committed.   The  amount  of  supplements  will  depend  upon  funds 
available. 
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ANNUAL  REPORT 

OF 

SICKLE  CELL  DISEASE  BRANCH 

DIVISION  OF  BLOOD  DISEASES  AND  RESOURCES,  NHLI 

July  1,  1972  through  June  30,  1973 


I.   INTRODUCTION  AND  BACKGROUND 

Sickle  cell  anemia  has  been  known  in  this  country  for  more  than  60 
years.  Despite  the  fact  that  much  information  has  been  uncovered 
relative  to  the  molecular  nature  of  sickle  hemoglobin  and  its  hereditary 
aspect,  many  gaps  still  exist  in  our  knowledge  of  the  sickling  process, 
specific  treatment  approaches,  and  an  vmderstanding  of  the  accompanying 
complications.  To  date,  there  is  no  cure  for  sickle  cell  anemia.  The 
genetic  abnormality  in  the  red  blood  cells  cannot  be  reversed.  Treatment 
is,  for  the  most  part,  supportive  and  systematic.  Currently,  specific 
modalities  of  therapy  to  alter  the  sickling  process  are  under  investigation. 
These  approaches,  however,  must  undergo  further  development  and  evaluation 
before  their  full  potential  can  be  realized. 

The  Sickle  Cell  Disease  Branch  was  established  in  1971  subsequent  to 
the  President's  Health  Message  to  Congress  in  which  he  recognized  sickle 
cell  anemia  as  a  major  national  health  problem.  As  such,  special  funds 
were  appropriated  to  develop  a  coordinated  effort  of  research  and  service 
in  this  genetic  blood  disorder. 

The  National  Sickle  Cell  Disease  Advisory  Committee  was  named  to 
recommend  and  advise  the  Secretary,  DREW,  on  program  policy  and  guidelines. 
The  overall  goals  as  recommended  by  the  Advisory  Committee  included  the 
establishment  of  a  national  program  for  the  diagnosis,  control  and  treatment 
of,  and  research  in,  sickle  cell  disease  and  the  reduction  of  the  frequency, 
morbidity  and  mortality  of  this  blood  disorder.   Specific  objectives 
outlined  by  the  Advisory  Committee  included  the  fostering  of  research  and 
development,  both  at  the  basic  and  clinical  levels;  the  initiation  and 
expansion  of  programs  in  community  education,  screening  and  counseling;  and 
the  improvement  of  care  for  victims  of  sickle  cell  anemia. 

Programs  set  up  in  FY  '72  to  carry  out  these  goals  and  objectives 
included  the  establishment  of  Comprehensive  Sickle  Cell  Disease  Centers, 
Screening  and  Education  Clinic  Programs,  Mission  Oriented  Research  and 
Development  Programs,  Biomedical  Research,  Information  Program,  and  Training 
and  Education  Programs.  The  Sickle  Cell  Disease  Branch  has  the  overall 
responsibility  of  coordinating  these  program  components  and  activities. 
The  two  major  agencies  in  HEW  Involved  in  carrying  out  these  activities 
are  the  NIH  and  HSMHA.  The  Branch  also  cooperates  with  other  departments 
and  agencies  involved  in  sickle  cell  activities,  including  the  Department 
of  Defense,  the  Veterans  Administration  and  the  Department  of  Labor. 
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II.   PROGRAM  COMPONENTS 

A.  Comprehensive  Sickle  Cell  Disease  Centers 

Comprehensive  Sickle  Cell  Disease  Centers,  administered  by  the 
Sickle  Cell  Disease  Branch,  National  Heart  and  Lung  Institute,  NIH, 
combine  research  (basic,  clinical,  clinical  trials,  clinical  appli- 
cation, education)  and  community  service  projects  (community 
education,  screening,  counseling,  and  rehabilitation).   These  centers 
focus  resources,  facilities  and  manpower  in  a  coordinated  approach 
to  sickle  cell  disease,  bridge  the  gap  between  research  and  service, 
and  bring  findings  in  one  area  into  practical  use  in  the  other. 

Ten  centers  were  established  in  FY  '72  and  began  operations 
during  the  period  of  July  1,  1972  through  June  30,  1973.   Important 
projects  under  investigation  in  the  centers  include  an  attempt  to 
better  understand  and  clarify  the  molecular  conformation  of  sickle 
hemoglobin  and  its  interactions  in  the  oxy-  and  deoxy-  states;  the 
definition  of  the  mechanism  of  regulating  fetal  hemoglobin  synthesis; 
the  study  of  cell  membrane  changes  during  sickling;  the  study  of 
viscosity  and  flow  properties;  the  investigation  of  the  impaired 
immunological  state  of  patients  with  sickle  cell  anemia;  the  role 
of  coagulation  factors  in  the  "thrombotic"  or  painful  crisis;  the 
role  of  CO factors  in  the  sickling  phenomenon;  and  the  effect  of 
various  agents  on  the  sickling  process.   Under  the  community  service 
program  and  in  conjunction  with  the  research  area  of  the  center, 
projects  being  developed  and  tested  include  a  search  for  better 
means  of  educating  the  public,  detection  and  counseling  methodologies, 
and  rehabilitation  and  treatment  approaches. 

Findings  to  date  include  the  capability  of  identifying  abnormal 
hemoglobin  in  the  presence  of  large  amounts  of  fetal  hemoglobin  in 
cord  blood;  the  isolation  of  apparent  biologically  active  messenger 
RNA  from  bone  marrow  and  peripheral  cells  in  patients  with  beta 
thalassemia,  sickle  cell-beta  thalassemia  and  sickle  cell  anemia; 
the  suggestion  that  membrane  damage  in  sickled  cell  is  related  to 
red  cell  ATP  depletion  and  calcium  accumulation;  the  suggestion  of 
a  defect  in  specific  complement  bypass  mechanisms;  a  reduction  in 
clotting  factors  II  and  VII;  and  Nuclear  Magnetic  Resonance  studies 
are  in  progress  to  determine  the  effects  of  cyanate  and  urea  on 
various  hemoglobins  and  states.   Serial  retinal  and  renal  studies 
are  in  progress  to  better  identify  and  evaluate  abnormalities  of 
these  organs.   Information  and  education  material  is  being  developed 
and  tested;  counseling  techniques  and  approaches  are  being  developed 
and  evaluated  relative  to  what  kinds  of  persons  can  do  counseling 
and  which  methods  appear  to  be  more  effective;  vocation  rehabilitation 
is  being  carried  out  and  evaluated. 
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The  ten  centers  supported  during  F?  '73  are: 

Comprehensive  Sickle  Cell  Disease  Center 
Howard  University  College  of  Medicine 
Project  Director  -  Roland  B.  Scott,  M.  D. 
Grant  Number  -  HL-15160 
Funding:  FY  '72    $829,505 

Comprehensive  Sickle  Cell  Disease  Center 

Medical  College  of  Georgia 

Project  Director  -  Titus  H.  J,  Huisman,  Ph.D. 

Grant  Number  -  HL-15158 

Funding:  FY  '72    $283,940 

Comprehensive  Sickle  Cell  Disease  Center 

Boston,  Massachusetts 

Project  director  -  Jane  F.  Desforges,  M.  D. 

Grant  Number  -  HL-15157 

Funding:  FY  '72    $698,652 

University  of  Southern  California  School 

of  Medicine 
Project  Director  -  L.  Julian  Haywood,  M.  D. 
Grant  Number  -  HL-15162 
Funding:  FY  '72    $335,976 

Harlem  Hospital  Center 

Project  Director  -  Calvin  H.  Sinnette,  M.  D. 

Grant  Number  -  HL-15161 

Funding:  FY  '72    $575,291 

Marion  County  General  Hospital,  Indianapolis,  Indiana 
Project  Director  -  Raymond  0.  Pierce,  Jr.,  M.  D. 
Grant  Number  -  HL-15166 
Funding:  FY  '72    $455,498- 

University  of  Pittsburgh  School  of  Medicine 
Project  Director  -  Dane  R.  Boggs,  M.  D. 
Grant  Number  -  HL-15165 
Funding:  FY  '72    $286,964 

Downstate  Medical  Center 

State  University  of  New  York 

Project  Director  -  Richard  D.  Levere,  M.  D. 

Grant  Number  -  HL-15170 

Funding:  FY  '72  -  $493,842 
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University  of  Illinois 

Project  Director  -  George  Konig,  M.  D. 

Maurice  F.  Rabb,  M.  D. 
Grant  Number  -  HI,-15168 
Funding:   FY  '72    $369,221 

University  of  Tennessee 

Project  Director  -  Alfred  P,  Kraus,  M.  D. 

Grant  Number  -  HL-15169 

Funding:   FY  '72    $488,387 

The  centers  program  will  be  expanded  during  FY  '73  with  the 
addition  of  a  limited  number  of  additional  centers.   Sixteen  (16) 
applications  were  received  in  response  to  the  centers'  workscope  and 
announcement  distributed  in  October  1972.  These  applications  are 
currently  undergoing  review  and  final  announcement  of  awards  will  be 
made  in  June. 

B.   Screening  and  Education  Clinics 

Screening  and  Education  Clinics  are  administered  by  the  Sickle  Cell 
Disease  Office,  HSMHA.  This  component  serves  as  a  demonstration  to 
determine  methods  of  carrying  out  service  activities  such  as  public  aware- 
ness, education,  screening,  counseling  and  patient  referral  under  various 
circvimstances  and  in  a  variety  of  environments  (urban,  suburban,  rural). 
The  initial  nineteen  Screening  and  Education  Clinics  were  established  in 
FY  '72. 

Clinic  activities  include  the  setting  up  of  a  mechanism  to  distribute 
information  to  target  populations  including  high  school  age,  young  adults 
and  older  individuals.   Screening  and  counseling  follows  on  a  voluntary 
basis.   Persons  found  to  have  sickle  cell  disease  and  in  need  of  care 
are  referred  to  available  facilities.   A  technical  assistance  contract 
will  be  awarded  in  June  to  aid  clinics  in  carrying  out  their  missions 
and  to  accumulate  and  retrieve  data. 

A  limited  number  of  additional  clinics  will  be  established  in 
FY  '73.   Seventy-one  (71)  applications  were  received  in  response  to  a 
clinics  request  for  proposals  issued  in  December  1972.   These  applications 
are  currently  under  review  and  awards  will  be  announced  in  June. 

The  nineteen  clinics  established  in  FY  '72  are: 

Community  Service  Association 

Sickle  Cell  Screening  and  Education  Program 

Jackson,  Mississippi 

Project  Director  -  Mr.  Leonard  Morgan 

Contract  No.:   HSM  110-72-220 

Funding:   FY  '72    $121,400 
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Flint-Goodrldge  Hospital  of  Dillard  University 

New  Orleans,  Louisiana 

Project  Director  -  Mrs.  Deidre  Dtunas  Labat 

Contract  No.:  HSM  110-72-226 

Funding:  FY  '72    $134,127 

Connecticut  State  Department  of  Health 
Hartford,  Connecticut 
Project  Director  -  Dr.  Estelle  Siker 
Contract  No.:  HSM  110-72-212 
Funding:  FY  '72    $82,000 

Nassau  County  Medical  Center 

Long  Island  Sickle  Cell  Project 

Long  Island,  New  York 

Project  Director  -  Mr.  Clarence  E.  Colbert 

Contract  No.:  HSM  110-72-214 

Funding:  FY  '72    $143,100 

School  of  Gary 

Gary ,  Indiana 

Project  Director  -  Ms.  Dorothy  Preuss 

Contract  No.:  HSM  110-72-223 

Funding:  FY  '72    $95,500 

Mid-Southside  Health  Planning  Organization 

Chicago,  Illinois 

Project  Director  -  Mr.  Robert  T.  Smith 

Contract  No.:  HSM  110-72-225 

Funding:  FY  '72    $93,000 

Committee  for  Better  Racial  Assurance 
Charleston,  South  Carolina 
Project  Director  -  Mr.  William  Saunders 
Contract  No.:  HSM  110-72-219 
Funding:  FY  '72    $80,000 

Florida  Department  of  Health  and  Rehabilitation 

Services 
Dade  County  Department  of  Public  Health 
Miami,  Florida 

Project  Director  -  Dr.  Karl  S.  Atkinson 
Contract  No.:  HSM  110-72-221 
Funding:  FY  '72    $107,  660 

Deaconess  Hospital 

Milwaukee,  Wisconsin 

Project  Director  -  Mr.  Kenneth  G.  Trester 

ContronNo.:  HSM  110-72-224 

Funding:  FY  '72    $71,350 
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dePaul  Hospital 

St.  Louis,  Missouri 

Project  Director  -  Ms.  Jacquelyn  Akins 

Contract  No.:   HSM  110-72-228 

Funding:   FY  '72    $106,800 

Emanuel  Hospital 

Portland,  Oregon 

Project  Director  -  Mr.  Robert  Lajme 

Contract  No.  -  HSM  110-72-229 

Funding:   FY  '72    $62,400 

Maryland  State  Department  of  Health  and  Mental 

Hygiene 
Baltimore,  Maryland 
Project  Director  -  Dr.  Inge  Renner 
Contract  No.:   HSM  110-72-218 
Funding:   FY  '72    $77,850 

Medical  College  of  Virginia 
Richmond,  Virginia 

Project  Director  -  Dr.  Robert  B.  Scott 
Contract  No.:  HSM  110-72-217 
Funding:   FY  '72    $103,600 

State  of  Washington 

Department  of  Social  and  Health  Services 

Seattle,  Washington 

Project  Director  -  Dr.  Jack  Allard 

Contract  No.:   HSM  110-72-230 

Funding:   FY  '72    $70,400 

Provident  Hospital,  Inc. 
Baltimore,  Maryland 
Project  Director  -  Dr.  Lionel  Rose 
Contract  No,:   HSM  110-72-216 
Funding:   FY  '72    $111,600 

Tacoma-Pierce  County  Health  Department 
Tacoma,  Washington 

Project  Director  -  Dr.  Harlan  P.  McNutt 
Contract  No.;   HSM  110-72-231 
Funding:   FY  '72    $67,105 

The  Sickle  Cell  Detection  and  Information 

Program,  Inc. 
Detroit,  Michigan 

Project  Director  -  Dr.  Charles  F.  Whitten 
Contract  No.:   HSM  110-72-222 
Funding:   FY  '72    $159,300 
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Yeatman  District  Community  Health  Corporation 

St.  Louis,  Missouri 

Project  Director  -  Mr.  A.  J.  Henley 

Contract  No.:  HSM  110-72-227 

Funding:  FY  '72    $100,400 

Government  of  the  District  of  Columbia 
Department  of  Human  Resources 
Washington,  D.  C. 

Project  Director  -  Dr.  Ra3nnond  Standard 
Contract  No.:     HSM  110-72-215 
Funding:     FY   '72         $156,848 

C.  Mission  Oriented  Research  and  Development 

The  Sickle  Cell  Disease  Branch  funds  and  administers  a  contract- 
supported  mission  oriented  research  and  development  program  which  has 
as  its  objective  the  study  of  mechanisms  for  the  prevention  and  treat- 
ment of  sickle  cell  disease.  Contracts  awarded  in  FY  '72  Involve  studies 
in  sickle  cell  disease  and  clinical  trials  of  therapy  in  sickle  cell 
vaso-occlusive  crises. 

In  1971,  clinical  trials  of  therapy  in  sickle  cell  vaso-occlusive 
crises  utilizing  urea,  alkali  and  other  fluids  were  initiated.  These 
trials  are  in  their  last  phase  and  will  be  completed  in  June.  Data  to 
date  do  not  indicate  any  significsmt  effect  on  the  vaso-occlusive 
phenomenon  in  the  first  24  hours  of  therapy  utilizing  urea  intravenously. 
Additional  data  is  expected  by  the  close  of  this  study  in  June. 

In  FY  '72,  27  investigators  were  stipported  to  carry  out  contract 
research  in  sickle  cell  disease  studies  including  basic  studies  to 
Investigate  molecular  factors  in  sickle  cell  crises,  membrane  changes 
in  sickling,  rheological  studies,  oxygen  affinity  studies,  and  the 
location  and  effect  of  antl-slckllng  agents  on  cells  containing  sickle 
hemoglobin.  Clinical  studies  under  investigation  include  the  deter- 
mination of  the  role  of  immunological  factors  in  infection  in  patients 
with  sickle  cell  disease  and  the  alteration  of  clotting  factors  in  the 
"thrombotic"  or  painful  crisis.  Toxicological,  pharmacological  and 
clinical  studies  utilizing  the  antl-slckllng  agent,  cyanate,  are  also 
underway. 

Results  of  these  studies  to  date  include  the  use  of  spin-labeling 
of  heme  protein  to  evaluate  polymerization  of  sickle  hemoglobin;  the 
utilization  of  automatic  measurement  of  oxygen  equilibrium  curves  of 
hemoglobin  in  solution  and  in  erythrocytes;  and  the  study  of  oxygen- 
hemoglobin  kinetics  by  the  method  of  laser  photolysis  of  oxyhemoglobin. 
Standardized  filtration  procedures  have  been  developed  to  study  the 
defoTmability  of  cells.  These  studies  will  subsequently  allow 
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observation  of  the  effect  of  various  compounds  on  cell  membrane  changes 
and  flow  patterns. 

Cyanate  studies  to  date  have  shown  an  antl-slckling  effect  which 
can  be  more  accurately  estimated  both  by  morphology  and  by  the  potassium 
ion  loss  method.   Cyanate  appears  to  inhibit  isotope  efflux  from  normal 
cells.   The  anti-sickling  effect  of  cyanate  appears  to  be  mediated 
through  an  increase  in  oxygen  affinity  dependent  and  independent  actions. 
Toxicity  studies  in  vitro  and  in  laboratory  animals  include  an  inhibition 
of  protein  synthesis,  somnolence,  weight  loss,  CNS,  liver ^  bone,  renal 
and  thyroid  toxicity  when  cyanate  is  given  parenterally  in  extremely 
large  doses.   Oral  cyanate  given  to  humans  in  much  lower  doses  has  not 
resulted  in  any  apparent  acute  toxicity.  More  data  will  be  required 
before  any  large  scale  clinical  trials  with  cyanate  can  be  initiated. 

No  significant  changes  in  coagulation  factors  have  been  reported 
in  patients  in  the  steady  state  and  in  crisis.   Functional  asplenia  is 
being  investigated  to  determine  the  time  of  onset  and  relationship  to 
infection  and  other  immunological  capacities  in  sickle  cell  anemia. 

The  34  contracts  presently  supported  by  the  Sickle  Cell  Disease 
Branch  are: 

I 

Children's  Hospital  Medical  Center 
Boston,  Massachusetts 

Project  Director  -  David  G.  Nathan,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2992-B 
Funding:   FY  '72    $59,630 

Leland  Stanford  Jr.  University 
Standord,  California 

Project  Director  -  Linus  Pauling,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2987-B 
Funding:   FY  '72    $92,000 

University  of  California 

Davis ,  California 

Project  Director  -  Charles  F.  Abildgaard,  M.D. 

Contract  Number  -  NIH-NHLI-72-2986-B 

Funding:   FY  '72    $43,788 

Arthur  D.  Little,  Inc. 

Cambridge,  Massachusetts 

Project  Director  -  Leonardo  Peusner,  Ph.D. 

Contract  Number  -  NIH-NHLI-72-2967-B 

Funding:   FY  '72    $46,290 
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University  of  Tennessee  Memorial  Research  Center 

Knoxville,  Tennessee 

Project  Director  -  Daniel  Dupourque,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2966-B 

Funding:  FY  '72    $26,500 

University  of  Florida 

Gainesville ,  Florida 

Project  Director  -  Gerald  E.  Bloom,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2965-B 

Funding:  FY  '72    $43,480 

University  of  Health  Sciences/Chicago  Medical  School 

Chicago,  Illinois 

Project  Director  -  Maxwell  P.  Westerman,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2964-B 

Funding:  FY  '72    $33,500 

Hahnemann  Hospital 
Philadelphia,  Pennsylvania 
Project  Director  -  S.  B.  Kahn,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2963-B 
Funding:   FY  '72    $41,050 

University  of  Pennsylvania 
Philadelphia ,  Pennsylvania 
Project  Director  -  T.  Asakura,  Ph.D. 
Contract  Number  -  NIH-NHLI-72-2962-B 
Funding:  FY  '72    $127,000 

University  of  Texas  Medical  Branch 
Galveston,  Texas 

Project  Director  -  M.  Mason  Guest,  Ph.  D. 
Contract  Number  -  NIH-NHLI-72-2959-B 
Funding:  FY  '72    $33,200 

University  of  Illinois  Eye  and  Ear  Infirmary 
Chicago,  Illinois 

Project  Director  -  Morton  Goldberg,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2956-B 
Funding:  FY  '72    $61,197 

IIT  Research  Institute 

Chicago,  Illinois 

Project  Director  -  Dr.  C.  C.  Johnston 

Contract  Number  -  NIH-NHLI-72-2955-B 

Funding:  FY  '72    $44,145 
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Southwestern  Medical  School  at  Dallas 
Dallas,  Texas 

Project  Director  -  Michael  R.  Waterman,  Ph.  D. 
Contract  Number  -  NIH-NHLI-72-2954-B 
Funding:   FY  '72    $75,000 

Yale  University 

New  Haven,  Connecticut 

Project  Director  -  H.  A.  Pearson,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2950-B 

Funding:   FY  '72    $37,500 

The  George  Washington  University 
Washington,  D.  C. 

Project  Director  -  Wallace  N.  Jensen,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2946-B 
Funding:   FY  '72    $160,550 

The  Children's  Hospital  Research  Foundation 
Cincinnati,  Ohio 

Project  Director  -  C.  Thomas  Kisker,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2936-B 
Funding:   FY  '72    $29,000 

Washington  University 

St.  Louis,  Missouri 

Project  Director  -  Harold  S.  Zarkowsky,  M.  D. 

Contract  Ntunber  -  NIH-NHLI-72-2934-B 

Funding:  FY  '72    $63,000 

The  Johns  Hopkins  University 
Baltimore,  Maryland 

Project  Director  -  Samuel  Charache,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2930-B 
Funding:   72,000 

Milwaukee  Blood  Center,  Inc. 
Milwaukee,  Wisconsin 

Project  Director  -  Glen  E.  Rodey,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2928-B 
Funding:   FY  '72    $27,000 

Mt.  Sinai  School  of  Medicine 

New  York,  New  York 

Project  Director  -  Ralph  Zalusky,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2927-B 

Funding:   FY  '72    $41,345 
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Papanicolaou  Cancer  Research  Institute 
Miami,  Florida 

Project  Director  -  Bruce  F.  Cameron,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2926-B 
Funding:   FY  '72    $60,000 

St.  Luke's  Hospital  Center 

Vev  York,  New  York 

Froject  Director  -  John  F.  Bertles,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2925-B 

Funding:  FY  '72    $94,490 

Ohio  State  University 

Columbus ,  Ohio 

Project  Director  -  Stanley  P.  Balcerzak,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2922-B 

Funding:  FY  '72    $100,000 

Medical  Center  Research  and  Development  Office  of 

The  University  of  Oklahoma  Foxmdation,  Inc. 
Oklahoma  City,  Oklahoma 
Project  Director  -  Paul  D.  Stein,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2921-B 
Funding:  FY  '72    $46,500 

Albert  Einstein  College  of  Medicine 
New  York,  New  York 

Project  Director  -  Ronald  L.  Nagel,  M.  D. 
Contract  Number  -  NIH-NHLI-72-2920-B 
Funding:  FY  '72    $73,980 

University  of  Kansas  Medical  Center 

Kansas  City,  Kansas 

Project  Director  -  Dennis  A.  Diederlch,  M.  D. 

Contract  Number  -  NIH-NHLI-72-2919-B 

Funding:  FY  '72    $38,450 

Wajme  State  University  School  of  Medicine 
Detroit,  Michigan 

Projsct  Director  -  Ananda  S.  Prasad 
Contract  Number  -  NIH-NHLI-72-2918-B 
Funding:  FY  '72    $92,120 

Travenol  Laboratories 

Morton  Grove,  Illinois 

Project  Director  -  T.  A.  Garrett,  M.  D. 

Contract  Number  -  NIH-NHLI-71-2416-B 

Funding:  FY  '72    $193,000 
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University  of  Tennessee 

Memphis,  Tennessee 

Project  Director  -  Alfred  P.  Kraus 

Contract  Number  -  NIH-NHLI-71-2415-B 

Funding:   FY  '72    $145,203 

Meharry  Medical  College 

Nashville,  Tennessee 

Project  Director  -  Robert  S.  Rhodes 

Contract  Number  -  NIH-NHLI-71-2414-B 

Funding:  FY  '72    $100,000 

Emory  University 

Atlanta,  Georgia 

Project  Director  -  Owen  C.  Crush 

Contract  Number  -  NIH-NHLI-71-2413-B 

Funding:   FY  '72    $33,900 

Duke  University 
Durham,  North  Carolina 
Project  Director  -  W.  F.  Rosse 
Contract  Number  -  NIH-NHLI-71-2412-B 
Funding:   FY  '72   $38,654 

Wake  Forest  University 

Bowman  Gray  School  of  Medicine 

Winston-Salem,  North  Carolina 

Project  Director  -  M,  Robert  Cooper,  M.  D. 

Contract  Number  -  NIH-NHLI-71-2411-B 

Funding:   FY  '72    $47,360 

The  Rockefeller  University 

New  York,  New  York 

Project  Director  -  Anthony  Cerami,  Ph.  D. 

Contract  Number  -  NIH-NHLI-71-2371-B 

Funding:   FY  '72    $87,428 

A  request  for  proposals  was  distributed  in  November  1972  for 
evaluation  of  laboratory  diagnostic  techniques  for  sickle  cell  disease. 
The  purpose  of  this  proposal  is  to  find  more  accurate,  less  expensive, 
faster  and  automated  means  of  determining  the  presence  of  abnormal 
hemoglobins  in  early  infancy  and  later  life.   Eighten  (18)  applications 
were  received  and  are  undergoing  review.  Announcement  of  awards  will 
be  made  in  June. 

In  addition  to  the  34  contracts  supported  by  the  Sickle  Cell  Disease 
Branch,  the  following  category  of  projects  supported  by  the  Division  of 
Blood  Diseases  and  Resources  are  related  to  Sickle  Cell  research  activities. 
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PteiiAtal  Diagnosis  of  Inherited  Hematologic  Diseases 

Projects  in  this  program  area  are  aimed  at  applying  existing 
prenatal  diagnostic  methods  to  the  diagnosis  of  hereditary  blood 
diseases  and  also  at  developing  new  diagnostic  techniques.   If 
brought  to  fruition,  the  techniques  being  studied  might  be  applied 
to  the  prenatal  diagnosis  of  such  inherited  blood  diseases  as 
hemophilia,  sickle  cell  disease,  thalassemia,  hereditary  spherocytosis, 
glucose-6-phosphate  dehydrogenase  deficiency,  and  also  to  the  diagnosis 
of  Inherited  non-hematologlc  diseases.  To  date,  the  efforts  have 
been  directed  primarily  at  the  development  of  a  safe  technique  for  the 
diagnosis  of  sickle  cell  disease  so  that  the  option  of  therapeutic 
abortion  can  be  offered  to  couples  at  risk.  Accomplishments  include 
the  following:   (a)  antlsera  specific  for  human  hemoglobins  A,  S, 
and  F  have  been  obtained  for  use  in  a  radioimmunoassay  for  hemoglobin 
species  obtained  from  the  fetus  or  amniotic  fluid,. (b)  data  is 
being  gathered  in  an  attempt  to  identify  a  genetic  linkage  relationship 
between  beta  hemoglobin  chains  and  other  traits  which  might  serve  as 
markers  to  Indicate  the  presence  of  hemoglobin  anomalies.   In 
addition,  the  following  investigations  are  underway:   (a)  polyacrylamlde 
gel  isoelectric  focusing  is  being  evaluated  as  a  method  of  identifying 
normal  and  abnormal  hemoglobins  in  the  fetus,  (b)  the  possibility 
of  diagnosing  sickle  cell  anemia  in  the  fetus  using  fetal  blood  cells 
from  amniotic  fluid  is  being  investigated,  (c)  hemoglobin  synthesis 
in  fetal  reticulocytes  is  being  studied  in  an  attempt  to  identify 
abnormal  hemoglobins,  (d)  plans  for  development  of  a  transabdominal 
fetoscope  have  been  formulated. 

Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:   Samuel  Boyer,  M.  D. 

Grant  No.:  NHLI-71-2403-B 

Funding:  FY  '72    $32,200 

Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:  Halg  Kazazlan,  M.  D. 

Grant  No.:  NHLI-71-2401-B 

Funding:  FY  '72    $31,600 

University  of  Rochester 

Rochester,  New  York 

Principal  Investigator:  Richard  Doherty,  M.  D. 

and  Peter  Rowley,  M.  D. 
Grant  No.:  NHLI-71-2402-B 
Funding:  FY  '72    $65,750 

University  of  Rochester 

Rochester,  New  York 

Principal  Investigator:  Lowell  R.  Weltkamp,  M.  D. 

Grant  No.:  NHLI-71-2404-B 

Funding:  FY  '72    $63,150 
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D.  Biomedical  Research 

In  FY  '72,  the  Sickle  Cell  Disease  Branch  supported  9  research 
project  grants  in  sickle  cell  disease.  These  projects  were  of  high 
quality  and  merit,  approved  by  other  Institutes  but  could  not  be  supported 
by  the  Institutes  due  to  lack  of  funds.  The  administration  of  these 
projects  remains  the  responsibility  of  the  initial  Institutes  xd.th 
progress  reports  being  forwarded  to  the  Sickle  Cell  Disease  Branch. 

Projects  under  study  in  these  grants  include  biochemical  approaches 
to  the  treatment  of  sickle  cell  anemia,  the  study  of  molecular 
interactions,  the  study  of  the  origin  of  stem  cells,  the  study  of 
microcirculation  in  sickle  cell  anemia  utilizing  animal  models,  and  the 
study  of  translational  control  of  protein  synthesis. 

The  investigators  supported  are: 

David  G.  Nathan,  M.  D. 

Grant  Number  -  AM-HL  15913-01 

Funding:  FY  '72     $50,000 

William  S.  Brinigar,  Ph.  D. 
Grant  Number  -  AM-HL  16189-01 
Funding:   FY  '72    $27,500 

James  G.  White,  M.  D. 

Grant  Number  -  AM-HL  15010-OlAl 

Funding:  FY  '72    $30,771 

John  J.  Just,  Ph.  D. 
Grant  Number  -  AM  16126-01 
Funding:   FY  '72    $17,953 

Silvio  Baez,  M.  D. 

Grant  Number  -  HL  14808-01 

Funding:  FY  '72    $40,010 

Rose  G.  Schneider,  Ph.  D. 
Grant  Number  -  AM  00780-22 
Funding:   FY  '72   $43,124 

Michael  R.  Waterman,  Ph.  D. 
Grant  Number  -  AM-HL  16188-01 
Funding:   FY  '72    $15,809 

Joseph  E.  Fuhr,  Ph.  D. 
Grant  Number  -  AM  16041-01 
Funding:  FY  '72    $20,000 

Stanley  C.  Glauser,  M.  D. 
Grant  Number  -  AM  10072-08 
Funding:   FY  '72    $9,500 
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In  addlciou  to  the  foregoing  grants,  several  other  activities  in 
the  grants  area  are  carried  out  by  the  Division  of  Blood  Diseases  and 
Resources  that  supplement  the  activities  of  the  Sickle  Cell  Disease 
Branch: 

a.  Sickle  Cell  Disease 

The  overall  objectives  of  these  grants  is  to  improve  our  under- 
standing of  the  pathophysiology  of  the  clinical  syndromes  caused  by 
sickle  cell  heiBOglobin.  The  studies  involve  biochemical,  hematolo- 
gical, anatom.ical,  physiological,  biophysical  and  clinical  approaches 
to  an  understanding  of  the  nature,  cause,  diagnosis  and  treatment  of 
sickle  cell  disease.  These  studies  Include  investigations  of 
potassium  loss,  viscosity,  filterability  and  deformity  of  erythrocytes 
during  crises;  red  cell  rigidity,  mechanical  fragility  and  destruction 
with  abnormal  hemoglobin;  definitions  of  genetic  control  of  primary 
structure  and  physiological  behavior  of  these  hemoglobins;  correlation 
of  molecular  structure  and  molecular  functions;  hemodynamics  and 
blood  flow  characteristics  of  red  blood  cells  with  known  degree  of 
.  sickling.  Efforts  are  also  directed  toward  the  development  of  animal 
models  in  which  qtiantitative  and  reversible  sickling  of  erythrocytes 
can  be  induced.  In  addition,  amniocentesis,  cell  cultures  and  somatic 
cell  hybridization  techniques  are  being  developed  for  the  diagnosis  of 
prenatal  sickle  cell  anemia.  Finally,  the  effects  of  various 
endogenous  and  exogenous  substances  on  the  conformation  of  hemoglobin  S, 
as  well  as  its  rate  of  sickling  and  polymerization  are  being 
Investigated.  These  include  prostaglandin,  epinephrine,  bile  acids, 
bilirubin,  anesthetics  and  other  drugs  such  as  barbiturate, 
neostigmine,  cyanate,  isocyanates,  urea,  calcium  binding  agents 
and  membrane  active  compounds.  There  are  24  grants  being  supported 
in  this  area  at  a  cost  of  $1,469,956. 

b.  Cooley's  Anemia  and  Related  Hemoglobin  Variants 

These  grants  deal  with  a  number  of  genetic  disorders  including 
thalassemia,  hemolytic  anemias,  glucose-6-phosphate  dehydrogenase 
deficiency  and  glutathione  deficiency.  The  major  emphasis  is  directed 
toward  an  understanding  of  the  basic  pathogenetic  mechanisms  under- 
lying these  disease  states.  The  various  studies  include  investigations 
of  the  association-dissociation  behavior,  the  conformational  changes 
and  differences  in  various  pathological  hemoglobins.  Efforts  are 
being  made  to  establish  the  relationship  between  structure  and  function 
of  genetic  variants  of  human  hemoglobins  in  order  to  understand  how 
structural  alterations  may  so  disrupt  the  conformation  of  physiologi- 
cally active  hemoglobins  that  their  normal  function  is  impaired  and 
clinical  problems  ensue.  To  this  end,  studies  are  carried  out  to 
determine  the  mechanisms  which  regulate  the  expression  of  specific 
hemoglobin  genes  during  development,  to  evaluate  the  multiplicity  of 
hemoglobin  structural  genes,  and  to  determine  the  exact  amino  acid 
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sequence  in  various  hemoglobin  variants.   In  addition,  efforts  are 
directed  toward  obtaining  information  on  occurrence  and  frequency 
and  distribution  of  genetic  traits  in  different  racial  groups  and  to 
elucidate  their  mode  of  inheritance.   There  are  11  grants  being 
supported  in  this  area  at  a  cost  of  $772, 528 o 

c.   Red  Blood  Cell  Membranes  and  Enzyme  Systems 

These  grants  support  primarily  fundamental  research  directed 
toward  a  better  understanding  of  red  blood  cell  energy  metabolism 
and  the  oxygen  transport  function  of  hemoglobin,  particularly  related 
to  the  elucidation  of  the  pathogenesis  of  various  anemias  and 
polycythemia. 

These  studies  fall  into  four  major  categories:   (1)   red  blood 
cell  metabolism;  (2)   erythrocyte  membrane  structure  and  permeability; 
(3)   red  blood  cell  production  (erythropoiesis) ;  and  (4)  hemoglobin 
synthesis,  structure  and  function.   Studies  dealing  with  red  blood 
cell  metabolism  involve  the  metabolic  properties  of  red  blood  cells 
which  contribute  to  their  viability  and  which  support  their  physiologic 
function  in  the  circulation;  i.e.,  oxygen  transport  properties, 
regulation  of  glucose  metabolism,  glycolysis  and  energy  metabolism. 
Also  involved  are  studies  of  cellular  physical  properties  such  as 
deformability,  adhesiveness,  and  viscosity;  physicochemical  factors 
involved  in  the  interaction  of  blood  cells  with  one  another  and  with 
their  suspending  medium;  and  the  determination  and  investigation  of 
biochemical,  clinical,  hematological  and  genetic  parameters  in 
hereditary  diseases  in  which  an  inborn  error  is  demonstrable  in  the 
metabolism  of  red  blood  cells.   There  are  29  grants  supporting  efforts 
in  red  blood  cell  metabolism  amounting  to  $1,996,044.   Studies  dealing 
with  erythrocyte  membranes  involve  studies  of  active  transport  across 
cell  membranes,  the  relationship  of  their  chemical  properties  and 
function  to  cell  types,  transition  from  fetal  to  adult  characteristics 
of  membrane  transport,  effect  of  various  agents  and  conditions  on 
anion  permeability,  the  relationship  of  various  components  of  the  cell 
in  defining  the  structure  of  the  membrane  and  of  various  enzymatic 
activities  in  influencing  their  physiological  and  biochemical  behavior, 
and  the  relation  of  pyridine  nucleotides  to  membrane  transport  and 
permeability.   There  are  six  (6)  grants  supporting  research  in 
erythrocyte  membrane  structure  and  permeability  amounting  to  $217,360. 
Studies  dealing  with  red  blood  cell  production  are  directed  at 
achieving  a  more  precise  understanding  of  the  factors  involved  in 
the  control  of  erythropoiesis  in  man  and  to  determine  the  potential 
role  of  humoral  factors  in  treatment  of  selected  types  of  anemia. 
Tissue  cultures  are  being  developed  for  the  production  of  erythropoietin. 
Radio  immune  assay  methods  are  being  developed  for  erythropoietin  to 
assist  in  the  identification  of  cellular  sites  of  its  production. 
Purification  of  erythropoietin  for  its  assessment  in  clinical  anemia 
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and  polycythemia  is  underway.  Also  involved  are  studies  of  the 
biogenesis  of  erythropoiesis  stimulating  factor,  its  ultrastructural 
site  and  biochemical  mode  of  action.  The  erythropoietic  inhibitory 
factor  present  in  the  plasma  of  polycythemia  patients  is  also  being 
investigated.  There  are  11  grants  supporting  research  in  red  blood 
cell  production  amounting  to  $740,567.   Studies  of  hemoglobin  are 
essentially  directed  toward  the  elucidation  of  the  relationship 
between  structure  and  function,  and  the  regulation  and  control  of 
hemoglobin  synthesis.  These  involve  genetic  regulation  of  hemoglobin 
synthesis.  X-ray  crystallography,  amino  acid  sequence  determination, 
allosteric  properties,  the  Bohr  effect,  hemoglobin  subunit  associations 
including  heme-heme  and  heme-protein  interactions,  reaction  of 
hemoglobin  with  ligands  and  antibodies  and  the  relationship  of  ligand 
binding  and  conformational  changes  in  hemoglobin.  There  are  56  grants 
supporting  research  in  hemoglobin  amounting  to  $2,580,739.  The  total 
grants  support  for  Red  Blood  Cell  Membranes  and  Enz3nne  Systems  amounts 
to  $5,601,476. 

E.  Information  and  Education  Program 

The  development  of  a  National  Center  for  Sickle  Cell  Information, 
operated  by  the  Office  of  Information,  NHLI,  under  the  aegis  of  the  NIH 
Associate  Director  for  Communications,  is  underway.  The  Center  will 
coordinate  the  acquisition,  development,  publication  and  distribution 
of  information  on  sickle  cell  disease  to  both  professionals  and  the 
general  public,  in  furtherance  of  the  objectives  of  the  National  Sickle 
Cell  Disease  Program.  Also  actively  involved  in  the  information  effort 
are  the  Health  Services  and  Mental  Health  Administration  and  other 
government  and  private  agencies. 

The  goals  of  the  public  information  program  are  to  project  accurate 
information  about  sickle  cell  anemia  and  the  trait  to  the  general  public; 
to  respond  quickly  and  accurately  to  inquiries  from  all  segments  of  the 
population;  to  inform  the  general  public  of  known  available  screening 
programs,  counseling  and  referral  services  and  other  support  when  and 
where  needed;  to  keep  providers  of  health  care  and  allied  health  pro- 
fessionals abreast  of  current  developments  in  sickle  cell  disease  research; 
to  encourage  regional,  state  and  local  organizations  to  promote  educational 
programs;  and  to  keep  directors  of  sickle  cell  programs  apprised  of  all 
new  information  materials  and  enhance  the  program  and  its  services  to  the 
community. 

These  goals  will  be  met  through  the  many  varied  informational  tools 
available  such  as  pamphlets,  brochures,  personal  appearances  on 
television  and  radio,  films,  talks,  workshops,  etc. 

As  of  June  1973,  the  Public  Information  Staff  of  the  Sickle  Cell 
Disease  Branch  has  prepared  and  disseminated  6  brochures,  and  secured  the 
rights  to  revise  and/or  reprint  2  brochures.  A  national  plan  was 
developed  and  projected  with  the  participation  of  several  agencies 
.whereby  sickle  cell  disease  educational  and  information  programs  can  be 
integrated  in  school  curricula. 
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The  Sickle  Cell  Disease  Branch  plans  to  circulate  a  request  for 
proposals  In  June  to  utilize  non-government  organizations  to  participate 
in  a  program  to  aid  In  the  education  and  training  of  medical,  para- 
medical and  community  persons  in  the  various  aspects  of  sickle  cell 
anemia  including  screening,  counseling  and  proper  understanding  of  sickle 
hemoglobin  disorders. 

F.   Center  for  Disease  Control  Programs 

Since  the  last  quarter  of  FY  '72,  the  Hemoglobinopathy  Laboratory 
of  the  Center  for  Disease  Control  has  been  supported  for  the  development 
of  programs  and  workshops  to  train  personnel  in  the  techniques  of  sickle 
and  other  hemoglobin  detection  and  identification  and  has  also 
served  as  a  proficiency  testing  center  for  centers,  clinics.  State 
and  private  laboratories.   Five  (5)  workshops  have  been  held  for 
laboratory  personnel  and  numerous  laboratories  have  participated  in 
the  proficiency  testing  program. 
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Annual  Report  of 
Blood  Resource  Branch 
Division  of  Blood  Diseases  aud  Resources 
July  1,  1972  through  June  30,  1973 

Branch  Summary 

BACKGROUND:   The  National  Blood  Resource  Program  was  established  in  FY  1967 
with  a  1.95  million  dollar  appropriation  by  Congress  in  the  National  Heart 
and  Lung  Institute  budget.   These  funds  were  provided  in  response  to  a 
Ciit-cal  problem  relative  to  the  national  supply  of  blood  and  blood  components 
for  transfusion.   Specifically,  the  acquisition  of  scientific  information 
regarding  fractionation  techniques  resulted  in  an  increasing  identification 
of  the  cellular  and  protein  components  of  blood  as  separately  useful. 
However,  there  was  at  that  time  and  there  remains  today  a  serious  techno- 
logical lag  which  prevents  the  large-scale  application  of  this  knowledge. 
This  problem  is  made  acute  by  the  rapidly  increasing  civilian  and  military 
needs  for  blood  components .   It  was  determined  that  these  critical  demands 
could  be  met  if  component  blood  transfusion  therapy  was  more  extensively 
employed  and  if  non-utilization  of  whole  blood  due  to  outdating  in  storage 
could  be  diminished.   Consequently,  early  in  the  development  of  the  Program, 
emphasis  was  on  research  and  blood  preservation  and  fractionation.   Initial 
contracts  X'/ere  awarded  in  support  of  studies  of  adenine  as  a  blood  preserva- 
tive. Much  of  the  work  in  this  area  was  completed  during  FY  1969. 

In  FY  1967  a  major  project  was  undertaken  in  the  field  of  blood  fractiona- 
tion with  the  American  National  Red  Cross .  More  recently  research  in 
methods  of  platelet  preservation  has  been  undertaken.   In  recognition  of 
the  need  to  utilize  stored  blood  in  a  more  intelligent  and  effective  fashion, 
four  contracts  in  computerised  automation  of  donor  blood  inventory  and 
donor-recipient  information  systems  were  let  in  FY  1968.   This  work  has 
been  completed.   Beginning  in  FY  1969  contracts  were  let  to  improve  the 
effectiveness  of  detection  of  hepatitis  in  transfused  blood  in  donors. 

In  FY  1971  the  Blood  Program  underwent  a  large  expansion  in  response  to 
the  pressing  need  for  programmed  research  in  blood  banking  and  blood 
therapy.   This  expansion  encompassed  an  enlargement  of  research  in  the 
detection  and  prevention  of  hepatitis  transmission  in  blood  and  blood 
products,  improved  donor-recipient  identification  systems  in  blood  trans- 
fusion, preparation  of  histocompatibility  antigen-poor  blood,  and  standardiza- 
r-'-m  of  cryoprecipitate  preparations.   Finally,  a  systematic  study  of  blood 
handling  techniques  and  blood  therapy  in  this  country  was  initiated  through 
a  contr<ict  with  a  major  management  consultant  firm.   Staff  of  the  National 
Blood  Resource  Branch  have  worked  closely  with  members  of  the  consultant  firm 
in  this  effort. 

In  FY  1972,  three  major  projects  were  undertaken  in  an  effort  to  Increase 
the  safety  of  the  national  blood  resource.   These  included  research  to 
determine  the  incidence  of  sequelae,  and  the  mechanism  of  production, 
of  cytomegalovirus  in  transfused  recipients;  projects  to  elucidate  the 
epidemiology  and  bio-immtinology  of  human  carriers  of  the  hepatitis- 
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associated  antigen;  and  national  trials  to  determine  the  efficacy  in 
hepatitis  prevention  or  treatment  of  gamma  globulin  containing  a  high  titer 
of  antibody  to  the  hepatitis-associated  antigen.   These  controlled  double- 
blind  trials  should  be  completed  by  1974. 

In  FY  1973,  two  new  program  areas  were  begun.   The  first  seeks  to  find 
methods  that  would  increase  the  time  period  during  which  long-term  platelet 
administration  is  therapeutically  useful  to  the  patient,  without  causing 
refractoriness.   The  second  program  will  initiate  studies  to  devise  new 
techniques  for  producing  blood  components  from  whole  blood. 

I.   A  Nationwide  Blood  System 

A.   Operations  Research  Study  of  the  American  Blood  System 

The  Study  of  Blood  Banking  in  America,  which  was  carried  on  by  the  Booz , 
Allen  &  Hamilton  Company,  beginning  approximately  July  1,  1971,  had  to  be 
extended  in  fiscal  year  1973  because  of  unanticipated  delays  in  completion 
of  their  original  contract.   The  original  workscope  was  completed  at  the 
end  of  February  1972  and  resulted  in  a  three  volume  study  now  in  press. 
Booz ,  Allen  &  Hamilton  provided  a  summary  report  which  has  been  widely 
distributed.   It  abstracts  the  major  findings  of  the  definitive  report. 
In  March  1973  the  Blood  Resource  Branch  entered  into  a  renewal  contract 
with  Booz,  Allen  &  Hamilton  to  study  four  additional  problems  that  are 
consonant  with  the  original  RFP  and  workscope.   The  four  projects  are: 

a)  To  develop  a  blood  banking  information  system  based  on 
standardized  reporting; 

b)  To  develop  a  standardized  cost  finding  methodology  for  blood  bank- 
ing; 

c)  A  study  of  regionalization  in  blood  supply  systems; 

d)  To  determine  the  feasibility  of  assessing  the  posttransfusion 
hepatitis  problem. 

These  are  in-depth  studies  of  four  of  the  major  problems  relating  to  a 
nationwide  blood  system.   The  Branch  staff  and  its  advisors  believe  that 
Booz,  Allen  &  Hamilton  have  the  capability  to  develop  important  data 
necessary  to  the  resolution  of  each  of  the  problems.   The  Branch  will 
provide  professional  consultation  to  Booz,  Allen  &  Hamilton  during  the 
progress  of  these  studies. 

A  related  contract  with  the  Research  Foundation  of  the  State  University 
of  New  York  at  Buffalo  initially  provided  expert  consultation  to  Booz, 
Allen  &  Hamilton  by  means  of  small  group  meetings  on  special  topics . 
Dr.  Surgenor,  the  Principal  Investigator  on  this  contract,  has  provided 
progress  reports  which  will  be  very  useful  for  considering  the  organization 
of  a  nationwide  blood  system.   This  contract  will  terminate  with  the  current 
fiscal  year. 
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In  addition,  research  in  the  National  Blood  System  area  is  supported  by 
$78,829  as  part  of  a  multicategorical  grant  to  the  New  York  Blood  Center. 
Areas  of  research  include  donor  group  recruitment,  blood  collection, 
demand  forecasting, blood  products  distribution  and  exploring  alternative 
utilization  policies  for  frozen  red  cells  using  projected  cost  trends. 

Booz,  Allen  &  Hamilton,  Inc.  NIH  71-2400 

Washington,  D.  C. 

Principal  Investigator:   Mr.  Donald  Cook 

FY  1973  Support:   $42,520  Previous  funding:   $339,200 

Booz,  Allen  &  Hamilton,  Inc.   NIH  73-2944 
Washington,  D.  C. 

Principal  Investigator:  Mr.  Donald  Cook 
FY  1973  Support:   $419,190 

Research  Foundation,  State  University  of  New  York  NIH-71-2500 

Buffalo,  New  York 

Principal  Investigator:  Dr.  Douglas  Surgenor 

FY  1973  Support:  None        Previous  Funding:   $146,845 

II.   Safety  of  Blood  Therapy 

A.   Hepatitis  Program 

1.  Detection  of  Hepatitis  in  Blood 

The  principal  objective  of  this  Program  area  is  the  development  of  rapid, 
sensitive,  specific  detection  systems  for  HB  Ag  screening  in  blood  banks; 
and  the  characterization  of  HB  Ag  with  regard  to  subtype  specificity  and 
biophysical  properties.   The  Ausria^^  radioimmunoassay  (Abbott  Laboratories) 
has  been  extensively  evaluated  in  four  laboratories:  while  sensitive,  this 
test  was  found  to  have  less  than  ideal  reproducibility ,  and  application 
of  the  test  did  not  produce  a  statistically  significant  reduction  in 
the  incidence  of  clinical  post-transfusion  type  B  hepatitis  among  204 
carefully  followed  blood  recipients.   The  hemagglutination  inhibition 
test  for  HB  Ag  was  successfully  automated,  but  it  was  found  to  be  un- 
satisfactory for  routine  blood  bank  use  because  of  the  expense  of  re- 
agents and  the  sophistication  required  to  obtain  accurate  results.   The 
reverse  passive  hemagglutination  technique  was  found  to  possess  greater 
sensitivity  than  the  currently  used  counterelectrophoresis  technique. 
Nevertheless,  the  reproducibility  of  the  test  and  the  extent  to  which  it 
reduces  the  incidence  of  post-transfusion  hepatitis  remain  to  be  in- 
vestigated.  A  bead-radioimmunoassay  (RIA)  test  was  developed,  but  is  less 
sensitive  than  the  commercially  available  RIA.   In  addition,  the  HB  Ag 
particle  itself  has  been  disassociated  into  multiple  polypeptides ,  some 
of  which  retain  the  HB  Ag  immunologic  specificity.   Size,  molecular  weight 
and  other  biophysical  characteristics  of  hepatitis  B  antigen  have  been 
described.   In  the  upcoming  renewal  year,  only  the  most  promising  tests 
(RIA,  reverse  passive  hemagglutination)  will  be  evaluated,  using  carefully 
controlled  prospective  studies  of  blood  recipients.   HB  Ag  will  continue 
•to  be  purified  and  its  subunits  characterized.   The  goals  of  this  research 
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area  are  the  elimination  of  post-transfusion  hepatitis ,  by  screening  donor 
blood,  and  the  discovery  of  HB  Ag  subunits  which  may  form  the  basis  for  an 
ultra-sensitive  test. 

New  York  State  Department  of  Health  NIH  70-2240 

Albany,  New  York 

Principal  Investigator:  Dr.  James  Pert 

FY  1973  Support:   -0-         Previous  funding:   $80,787 

Institute  for  Cancer  Research  NIH  70-2234 

Philadelphia,  Pennsylvania 

Principal  Investigator:   Dr.  Baruch  Blumberg 

FY  1973  Support:   -0-  Previous  funding:   $253,800 

Baylor  College  of  Medicine  NIH  70-2231 

Houston,  Texas 

Principal  Investigator:  Dr.  Joseph  Melnick 

FY  1973  Support:   $200,000     Previous  funding:   $518,631 

Cordis  Corporation  NIH  70-2232 

Miami,  Florida 

Principal  Investigator:   Dr.  Seymour  Halbert 

FY  1973  Support:   -0-         Previous  funding:   $181,547 

Community  Blood  Council  of  Greater  New  York  NIH  70-2236 

New  York,  New  York 

Principal  Investigator:  Dr.  Alfred  Prince 

FY  1973  Support:   $105,000     Previous  funding:   $434,538 

University  of  California  Medical  Center  NIH  71-2355 

San  Francisco,  California 

Principal  Investigator:   Dr.  Girlsh  N.  Vyas 

FY  1973  Support:   $156,000     Previous  funding:   $197,812 

University  of  California  at  Los  Angeles  NIH  71-2351 

Los  Angeles,  California 

Principal  Investigator:   Dr.  Gary  Gitnick 

FY  1973  Support:   $87,047      Previous  funding:   $78,809 

Washington  University  NIH  71-2353 

St.  Louis,  Missouri 

Principal  Investigator:  Dr.  Richard  Aach 

FY  1973  Support:   $82,874      Previous  funding:   $150,992 

Aerojet  Medical  &  Biological  System  NIH  71-2350 

El  Monte,  California 

Principal  Investigator:  Dr.  A.  F.  Wells 

FY  1973  Support:   -0-         Previous  funding:   $113,461 
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Harvard  School  of  Public  Health  NIH  71-2064 

Boston,  Massachusetts 

Principal  Investigator:   Dr.  George  Grady 

FY  1973  Support:   $17,000      Previous  Funding:   $74,800 

2.   Removal/Inactivation  of  the  Agent  of  Hepatitis 

This  program  area  was  begun  with  two  principal  goals:   1)  development  of 
methods  with  which  to  remove  or  inactivate  the  agent  of  hepatitis  which 
is  already  in  blood;  2)  the  discovery  of  a  rapid  in  vitro  method  with  which 
to  t.rtect  blood  infections  for  hepatitis.  During  the  past  year,  it  has  been 
found  by  _^a  vitro  assays  that  HB  Ag  (a  protein  associated  with  the 
causative  ageat  of  hepatitis  B)  can  be  removed  from  each  of  the  five  major 
plasma  fractions  (albumin,  gamma  globulin,  II-VII~IX-X  concentrates, 
fibrinogen,  and  AHF)  by  fractionation  with  polyethylene  glycol  (PEG).   Should 
this  finding  be  verified  in  animals,  its  application  would  reduce  the  risk 
of  hepatitis  to  patients  with  liver  disease  and  hemophilia  B,  who  are 
heavily  dependent  upon  II-VII-IX-X  concentrate.  Polyelectrolytes  (?E's) 
are  capable  of  selectively  adsorbing  HB  Ag  from  both  fibrinogen  and  anti- 
hemophilic factor  (AHF).   The  instability  of  PE's  after  six  months  of 
storage  remains  as  a  problem. 

Vigorous  attempts  have  been  made  to  culture  the  agent  of  hepatitis  B  in 
human  fetal  and  adult  liver  cells,  rhesus  monkey  and  chimpanzee  liver  cells, 
as  well  as  in  two  cell  lines  from  human  hepatoma.   To  date,  no  evidence  of 
in  vitro  replication  of  HB  Ag  or  reproducible  induction  of  cytopathic 
changes  has  been  observed.   Because  it  was  considered  doubtful  that  future 
work  under  these  contracts  would  be  productive,  all  but  one  of  the 
remaining  contracts  are  scheduled  for  termination. 

There  is  only  one  grant  dealing  with  hepatitis,  presently  funded  for 
$82,765.   It  involves  the  study  of  polyelectrolytes  as  possible  agents  to 
remove  the  hepatitis-associated  antigen  from  ACD  plasma,  plasma  fractions 
and  whole  blood.  Additional  work  is  being  carried  out  as  part  of  the  multi- 
categorical  New  York  Blood  Center  Program  Project.  Under  this  support 
studies  of  serum  hepatitis  include  isolation  and  characterization  of  the 
etiologic  agents,  development  of  a  practical  test  to  identify  virus  carriers 
in  donor  populations,  and  studies  of  the  virus  in  carrier  states. 

Baylor  College  of  Medicine  NIH  71-2354 

iiriFton,  Texas 

Principal  Investigator:   Dr.  Joseph  Melnick 

FY  1973  Support:   -0-         Previous  Funding:   $48,685 

New  York  University  Medical  Center  NIH  71-2359 

New  York,  New  York 

Principal  Investigator:   Dr.  Alan  Johnson 

FY  1973  Support:   $25,000      Previous  Funding:   $129,633 

New  York  State  Department  of  Health  NIH  71-2357 

Albany,  New  York 

Principal  Investigator:  Dr.  James  Pert 

FY  1973  Support:  -0-  Previous  Funding:   $50,923 
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Blood  Research  Institute  NIH  71-2356 

Boston,  Massachusetts 

Principal  Investigator:  Dr.  John  Hinman 

FY  1973  Support:   -0-  Previous  funding:   $119,709 

3.   Epidemiology  and  Bio-immunology  of  Hepatitis  B  Antigen  Carriers 

This  program  was  begun  in  July  1972  and  has  three  major  goals:   1)  to 
determine  the  risk,  if  any,  of  close  contact  with  human  carriers  of  the 
hepatitis  B  antigen;  2)  to  elucidate  the  bio-immunologic  mechanisms  by 
which  certain  individuals  become  HB  Ag  carriers ;  and  3)  to  develop  methods 
vjith  which  to  terminate  the  carrier  state.   Epidemiologic  findings  during 
the  year  have  included:  the  observation  of  familial  clustering  of  hepatitis 
cases,  which  may  suggest  a  genetic  pre-disposition  to  the  carrier  state; 
the  discovery  of  a  species  of  man-biting  insects  (Culex)  which  is  strongly 
HB  Ag  positive;  the  finding  that  in  households  of  89  HB  Ag  carriers,  8.8% 
of  the  screened  family-contacts  were  antigen  positive  (3-8  times  the  in- 
cidence of  normal  control  populations),  and  another  20.3%  were  HB  Ab-positive. 

Selected  findings  in  the  bio-immunologic  portion  of  this  program  include: 
abnormal  liver  biopsies  in  the  majority  of  36  HB  Ag  carriers,  ranging  from 
non-specific  change  to  chronic  aggressive  hepatitis;  abnormal  transaminase 
levelsin  many  HB  Ag  carriers,  which  correlated  with  the  histologic 
classification  of  their  liver  biopsy,  Ihe  basis  of  the  chronic  carrier  state 
does  not  appear  to  be  generalized  immunologic  deficiency  or  anergy;  early 
evidence  indicates  that  failure  to  eliminate  HB  Ag  may  be  due  to  a  defect  in 
the  thymus -dependent  (T)  lymphocytes . 

We  plan  to  pursue  this  program  area  since  defining  the  epidemiology  of 
hepatitis  B  and  the  mechanisms  by  which  the  carrier  state  develops  should 
lead  to  increased  safety  of  the  national  blood  resource  as  well  as, 
ultimately,  to  the  control  of  hepatitis  B  in  the  United  States. 

The  New  York  Blood  Center 

New  York,  New  York 

Principal  Investigator:   Dr.  Alfred  Prince 

FY  1973  Support:   $250,000     Previous  funding:   $266,585 

Baylor  College  of  Medicine 

Houston,  Texas 

Principal  Investigator:   Dr.  Joseph  Melnick 

FY  1973  Support:   $79,467      Previous  funding:   $72,300 

Louisiana  State  University 

Costa  Rica 

Principal  Investigator:   Dr.  Victor  Villarejos 

FY  1973  Support:   $128,792     Previous  funding:   $99,860 

University  of  California  at  San  Francisco 

San  Francisco,  California 

Principal  Investigator:   Dr.  Girish  Vyas 

FY  1973  Support:   -0-  Previous  funding:   $120,000 
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4.   Hepatitis-B  Immune  Globulin  Studies 

The  goal  of  the  Hepatitis-B  Immune  Globulin  (HBIG)  studies  is  to 
evaluate  the  ability  of  passive  immunization  to  prevent  or  to  modify 
type  B  viral  hepatitis.   Four  controlled  clinical  trials  of  HBIG  are 
presently  being  supported  by  the  Blood  Resource  Branch.   They  differ 
chiefly  in  the  time  of  administration  of  the  therapeutic  regimen  and 
the  population  under  study.   The  Post-exposure  Trial  seeks  to  evaluate 
HBIG's  efficacy  in  persons  accidentally  parenterally  exposed  to  hepatitis 
B  antigen.   To  date,  the  accession  rate  is  greater  than  expected  and 
the  quality  of  follow-up  is  excellent.   The  Chronic  Renal  Dialysis  Trial 
undertakes  the  long-term  evaluation  of  staff  and  patients  newly  arrived 
on  renal  dialysis  units,  where  hepatitis  B  may  be  endemic.   The  accession 
rate  to  date  has  been  greater  than  80%  of  expected,  and  no  patient 
toxicity  has  been  attributed  to  the  HBIG.   The  objective  of  the  Trans- 
fusion Trial  (conducted  in  collaboration  with  the  Department  of  Defense) 
is  the  evaluation  of  HBIG's  ability  to  prevent  or  modify  hepatitis  B 
in  patients  receiving  blood  transfusion  while  undergoing  open-heart 
surgery.   This  study  addresses  itself  directly  to  the  efficacy  of  passive 
immunization  for  preventing  post-transfusion  hepatitis.   The  purpose  of 
the  Acute  Fulminant  Hepatitis  Trial  is  to  evaluate  the  effect  of  HBIG 
in  patients  late  in  the  course  of  type  B  hepatitis ,  specifically  in 
stage  II  -  IV  coma.   This  study  population  presently  faces  a  50-80% 
mortality.   In  this  trial,  the  accession  rate  has  been  slow  and  HB 
antigenemia  has  not  been  abolished  by  HBIG  in  the  doses  so  far  used. 

We  plan  to  continue  patient  accessions  in  these  trials  for  1  additional 
year,  after  which  sufficient  data  should  be  available  to  provide  statis- 
tically significant  answers.   The  importance  of  these  trials  to  bio-medical 
research  is  great,  as  passive  immunization  may  well  prove  to  be  a  useful 
method  for  preventing  or  treating  type  B  hepatitis. 

Tufts  University  School  of  Medicine 

Boston,  Massachusetts 

Principal  Investigator:   Dr.  George  F.  Grady 

FY  1972  Support:   $565,000     Previous  Funding:   $473,600 

University  of  Southern  California 

Los  Angeles,  California 

Principal  Investigator:  Dr.  James  Mosley 

FY  1972  Support:   $137,079     Previous  Funding:   $227,253 

The  New  York  Blood  Center 

New  York,  New  York 

Principal  Investigator:   Dr.  Alfred  Prince 

FY  1972  Support:   $361,000     Previous  Funding:   $260,360 

Walter  Reed  Institute  of  Medical  Research 

Washington,  D.C. 

Principal  Investigator:  Dr.  Marcel  Conrad 

FY  1972  Support:   $24,390      Previous  Funding:   $18,000 
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B.   Epidemiology  and  Development  of  Detection  Systems  for  Cytomegalovirus 
as  Transmitted  by  Blood  Transfusion 

Recently,  transfused  blood  has  been  implicated  as  the  transmission  medium 
for  serious,  sometim.es  fatal,  CMV  disease.   Contractor  data  at  present  are 
inconclusive  as  to  whether  CMV  infection  results  from  transmission  by 
transfused  blood,  or  by  activation  of  latent  virus  in  the  recipient, 
secondary  to  stimulation  by  foreign  white  cells ,  drugs ,  the  stress  of 
surgery,  or  other  causes.   Also,  presently  available  detection  systems  are 
not  adequate  for  definitively  resolving  this  dilemma.   While  CMV  infection 
in  the  post-operative  heart-lung  bypass  patient  is  usually  self-limited, 
episodes  of  pancreatitis,  hepatitis,  hemolytic  anemia,  and  immunological 
abnormalities  have  been  reported.   The  transfused  patient  who  is  immuno- 
suppressed  does  less  well;  up  to  50%  who  survive  for  one  or  two  months  after 
transplantation  have  evidence  of  active  CMV  infection.   Should  blood  be 
conclusively  proven  as  the  mode  of  transmission,  a  method  to  detect  infectious 
blood,  applicable  to  mass  screening,  would  be  needed  to  reduce  the  morbidity 
and  mortality  associated  with  CMV.   In  fiscal  year  1973,  the  Blood  Resource 
Branch  will  continue  its  support  of  six  projects,  which  were  initiated 
in  fiscal  year  1972,  in  hopes  of  defining  the  role  of  transfusion  in 
the  production  of  CMV  infection  among  recipients  of  blood  or  blood  components, 
and  determining  the  magnitude  and  extent  of  this  disease  in  high  risk 
populations.   In  addition,  a  cooperative  trial  has  been  initiated  to  deter- 
mine the  most  sensitive  and  specific  detection  system  from  among  the 
following  candidate  tests:   indirect  hemagglutination,  fluorescent  antibody, 
neutralization,  and  complement  fixation  tests. 

The  one  grant  dealing  with  cytomegalovirus  has  as  its  objective  to  determine 
whether  or  not  knowledge  of  the  donor's  antibody  status  permits  physicians 
to  effectively  identify,  prior  to  transfusion,  those  units  of  blood  which 
may  contain  cytomegalovirus  and  produce  infection  or  the  "post-transfusion 
syndrome." 

University  of  North  Carolina 

Chapel  Hill,  North  Carolina 

Principal  Investigator:   Dr.  Joseph  Pagano 

FY  1973  Support:   $18,527      Previous  Funding:   $70,102 

C  ommunity  Blood  Center  of  Greater  Kansas  City 

Kansas  City,  Missouri 

Principal  Investigator:   Dr.  William  Bayer 

FY  1973  Support:   $9,321       Previous  Funding:   $101,320 

University  of  Pittsburgh 
Pittsburgh,  Pennsylvania 
Principal  Investigator:   Dr.  Monto  Ho 
FY  1973  Support:   $16,272      Previous  Funding:   $86,950 

Case-Western  Reserve  University 

Cleveland,  Ohio 

Principal  Investigator:   Dr.  Eli  Gold 

FY  1973  Support:   $20,485      Previous  Funding:   $86,950 
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L.A.  Countv-Harbor  General  Hospital 

Los  Angeles,  California 

Principal  Investigator:  Dr.  Milan  Fiala 

FY  1973  Support:   $35,501      Previous  Funding:   $60,000 

Duke  University  Medical  Center 

Durham,  North  Carolina 

Principal  Investigator:  Dr.  David  Lang 

FY  1973  Support:   $14,226      Previous  Funding:   $55,454 

C.  Blood  Typing 

Grants  supporting  work  in  blood  typing  involve  primarily  studies  of  the 
fundamental  immunologic  characteristics  of  blood  group  antigens  and  anti- 
bodies and  the  application  of  blood  groups  to  genetic  linkage  studies.   In 
addition,  automated  polybrene  methods  are  being  refined  for  red  cell  anti- 
body detection  and  identification  and  are  being  applied  to  the  quantitation 
and  thermal  characterization  of  known  systems  such  as  ABO,  Rh,  MiiiSs,  Kell, 
Duffy,  etc.,  in  order  to  determine  if  there  is  antibody  specificity  differ- 
ence among  different  individuals.   Finally  automated  methods  for  red  cell 
typing,  leukocyte  typing  and  serotyping  are  applied  to  samples  from  families 
with  genetic  disorders,  families  with  chromosome  abnormalities  and  unique 
populations.   These  blood  samples  are  collected  from  all  parts  of  the 
country  and  run  through  an  automatic  analyzer  which  is  connected  to  a  com- 
puter for  storage  and  retrieval.  A  significant  portion  ($551,080)  of  the 
multicategorical  New  York  Blood  Center  Program  Project  is  devoted  to  this 
effort. 

D.  Donor-Recipient  Identification  Relating  to  Blood  Transfusion 

The  principal  goal  of  this  program  is  to  develop  systems  which  would 
ensure  the  proper  identification  of  blood  from  the  time  of  donation 
to  the  time  it  is  transfused  in  order  to  reduce  the  incidence  of  blood 
transfusion  reactions  due  to  human  error.   Three  different  types  of 
systems  have  been  built;  each  has  been  installed  in  a  clinical  laboratory 
or  on  medical  wards  by  the  principal  investigator  and  found  to  function 
adequately.   Each  system  makes  a  record  such  that  physicians  and  nurses 
not  using  the  system,  for  whatever  reason,  may  be  identified.   The 
sophistication  of  the  mechanical  and  electronic  devices  employed  varies 
so  that  the  requirements  of  small  community  hospitals  as  well  as  referral 
medical  centers  may  be  met.   Although  designed  primarily  for  the  transfusion 
c:i.tuation,  potentially  each  of  the  three  systems  can  be  used  to  identify 
all  blood  specimens  handled  by  a  hospital's  clinical  laboratory  department, 
which  would  improve  patient  diagnosis,  care,  and  therapy.   Clinical  trials 
of  all  three  identification  systems  will  be  carried  out  during  the  terminal 
year  of  support  (6/30/73  -  6/29/74) .   Test  sites  (Army  Medical  Research 
Laboratory,  Milwaukee  Blood  Center  -  St.  Joseph's  Hospital,  and  Mayo  Clinic 
Hospital)  have  been  selected.   Each  system  will  undergo  an  intensive  nine 
month  evaluation  to  determine  patient  and  staff  acceptance  as  well  as 
device  performance  under  field  conditions.   Data  and  critiques  developed 
in  this  evaluation  will  then  form  the  basis  for  a  decision  regarding 
national  implementation  of  these  systems. 
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Medical  Laboratory  Automation ,  Inc . 

Mt.  Vernon,  New  York 

Principal  Investigator:  Mr.  John  J.  Hartnett 

FY  1973  Support:   $26,080      Previous  Funding:   $333,940 

Georgetown  University 

Washington,  D.C. 

Principal  Investigator:   Martin  Rubin,  Ph.D. 

FY  1972  Support:   $215,380     Previous  Funding:   $285,342 

Electronic  Protection  Systems 

San  Francisco,  California 

Principal  Investigator:  Mr.  Hector  Conde 

FY  1972  Support:   $25,000      Previous  Funding:   $117 ,100  (Under  Univ.  of 

(California  contract) 

E.   Toxicology  of  Plastic  Devices  Having  Contact  with  Blood 

Recently,  concern  has  been  expressed  regarding  the  potential  for  substances 
contained  within  plastics  to  be  leached  out  by  biological  fluids.   The 
degree  and  type  of  exposure  of  such  fluids  to  plastics  depend  upon  the 
clinical  setting.   In  blood  banking  practice,  polyvinyl  chloride  (PVC)  is 
the  only  synthetic  polymer  used  in  storage  bags;  leachable  substances  from 
PVC  might  include  plasticizers ,  catalysts,  fillers,  stabilizers,  and  un- 
polymerized  monomers.   A  host  of  additional  substances,  such  as  derivatives 
and  components  of  silicone,  teflon,  and  nylon  must  be  considered  when  one 
studies  leachable  materials  from  synthetic  polymers  used  in  other  medical 
devices. 

Measurable  levels  of  phthalate  plasticizers  have  been  found  in  blood  stored 
for  less  than  21  days  in  plastic  bags,  in  biological  fluids  circulated  in 
hemodialysis  and  heart-lung  bypass  systems,  as  well  as  in  blood  of  a  patient 
who  was  multiply  transfused.   While  toxicity  is  routinely  tested  for  in 
experimental  animals,  little  is  known  of  more  subtle  biological  toxicity, 
delayed  in  onset,  after  prolonged  exposure  to  plastic  materials.   In  addition, 
although  polyvinyl  chloride  meets  the  requirements  of  the  Federal  control 
agencies  and  has  a  long  record  of  safety  in  ordinary  blood  banking  practice, 
little  is  known  of  the  metabolic  fate  of  its  phthalate  component. 

In  fiscal  year  1972,  the  National  Blood  Resource  Program  began  support  of 
five  projects  which  proposed  to  determine  the  extent  of  the  blood  container 
toxicity  problem.   A  lack  of  correlation  among  various  test  methods  for 
plastic  leachables  has  been  found.   A  collaborative  study  utilizing  coded 
solutions  containing  a  known  amount  of  plasticizer  has  been  initiated  to 
clarify  this  problem.   Following  this,  the  reliable  determination  of 
plasticizer  levels  in  body  fluids  should  be  poseible. 

Work  carried  out  in  this  area  with  $32,080  of  grant  support  involves  similar 
studies  of  the  toxicity  of  materials  that  may  be  extracted  from  polyvinyl 
chloride  (PVC)  blood  containers,  as  well  as  studies  dealing  with  the  relative 
effects  of  biomaterials  on  the  degradation  of  stored  blood. 
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Children's  Hospital  Medical  Center 

Boston,  Massachusetts 

Principal  Investigator:  Dr.  Sherwin  Kevy 

FY  1973  Support:   $21,000      Previous  Funding:   $90,460 

Hazelton  Laboratories,  Inc. 

Vienna,  Virginia 

Principal  Investigator:  Dr.  Henry  Rutter 

FY  1973  Support:   $16,000      Previous  Funding:   $29,450 

Travenol  Laboratories,  Inc. 

Morton  Grove,  Illinois 

Principal  Investigator:  Dr.  Aaron  Josephson 

FY  1973  Support:   0  Previous  Funding:   $201,430 

University  of  Michigan 

Ann  Arbor,  Michigan 

Principal  Investigator:  Dr.  Edward  Napier 

FY  1973  Support:   0  Previous  Funding:   $151,500 

University  of  Utah 
Salt  Lake  City,  Utah 

Principal  Investigator:  Dr.  Robert  Petersen 
FY  1973  Support:   0  Previous  Funding:   $103,600 

F.   Prenatal  Diagnosis  of  Inherited  Hematologic  Diseases 

Projects  in  this  program  area  are  aimed  at  applying  existing  prenatal 
diagnostic  methods  to  the  diagnosis  of  hereditary  blood  diseases  and  also 
at  developing  new  diagnostic  techniques.   If  brought  to  fruition,  the 
techniques  being  studied  might  be  applied  to  the  prenatal  diagnosis  of  such 
inherited  blood  diseases  as  hemophilia,  sickle  cell  disease,  thalassemia, 
hereditary  spherocytosis,  glucose-6-phosphate  dehydrogenase  deficiency, 
and  also  to  the  diagnosis  of  inherited  non-hematologic  diseases.   To  date, 
the  efforts  have  been  directed  primarily  at  the  development  of  a  safe 
technique  for  the  diagnosis  of  sickle  cell  disease  so  that  the  option  of 
therapeutic  abortion  can  be  offered  to  couples  at  risk.  Accomplishments 
include  the  following:  (a)  antisera  specific  for  human  hemoglobins  A,  S, 
and  F  have  been  obtained  for  use  in  a  radioimmunoassay  for  hemoglobin  species 
obtained  from  the  fetus  or  amniotic  fluid,  (b)  data  is  being  gathered  in 
an  attempt  to  identify  a  genetic  linkage  relationship  between  beta  hemo- 
globin chains  and  other  traits  which  might  serve  as  markers  to  indicate  the 
presence  of  hemoglobin  anomalies. 

In  addition,  the  following  investigations  are  underway:   (a)  polyacrylamide 
gel  isoelectric  focusing  is  being  evaluated  as  a  method  of  identifying  normal 
and  abnormal  hemoglobins  in  the  fetus,  (b)  the  possibility  of  diagnosing 
sickle  cell  anemia  in  the  fetus  using  fetal  blood  cells  from  amniotic 
fluid  is  being  investigated,  (c)  hemoglobin  synthesis  in  fetal  reticulo- 
cytes is  being  studied  in  an  attempt  to  identify  abnormal  hemoglobins, 
(d)  plans  for  development  of  a  transabdominal  fetoscope  have  been  formulated. 
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Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:   Samuel  Boyer,  M.D. 

FY  1973  Support:   0  Previous  Funding:  $70,657 


Johns  Hopkins  University 

Baltimore,  Maryland 

Principal  Investigator:   Haig  Kazazian,  M.D. 

FY  1973  Support:   0  Previous  Funding:  $63,244 


University  of  Rochester 

Rochester,  New  York 

Principal  Investigators:   Richard  Doherty,  M.D.  and  Peter  Rowley,  M.D. 

FY  1973  Support:   $47,500      Previous  Funding:   $131,478 


University  of  Rochester 

Rochester,  New  York 

Principal  Investigator:   Lowell  R.  Weitkamp,  M.D, 

FY  1973  Support:   0  Previous  Funding:   $126,300 

III.   Blood  Component  Therapy 

A.   Studies  on  Oxygen  Transport  by  Stored  Blood  (2,3  DPG) 

When  blood  is  stored  prior  to  transfusion,  red  blood  cell  2,3  Diphos- 
phoglycerate  levels  decrease  with  an  associated  shift  of  the  hemoglobin- 
oxygen  disassociation  curve,  such  that  oxygen  is  less  available  to  the 
tissues.   Thus,  stored  blood  may  deliver  oxygen  less  efficiently  than  fresh 
blood. 

To  explore  the  significance  of  2,3  DPG  in  transfused  blood,  contracts 
were  awarded  in  FY  1971  to  five  groups.   Because  their  studies  demonstrated 
that  2 ,3  DPG  levels  are  frequently  restored  in  vivo  shortly  after  transfusion, 
current  investigations  concentrate  on  clinical  situations  in  which  the 
erythrocyte  levels  of  2,3  DPG  may  significantly  alter  the  patients'  clinical 
course.   Examples  include  comparisons  of  the  ability  of  normal  animals  and 
animals  with  increased  oxygen  affinity  to  tolerate  shock,  determination  of 
the  effects  on  animals  in  shock  of  treatment  with  2,3  DPG-depleted  blood, 
and  elucidation  of  the  effect  of  altered  oxygen  affinity  in  the  presence  of 
anemia  and  congenital  abnormalities  of  oxygen  dissociation.   In  addition, 
other  metabolites  of  stored  red  cells  are  being  analyzed,  and  more 
sophisticated  means  of  detecting  differences  in  efficiency  of  oxygen 
transport  by  erythrocytes  of  different  hemoglobin-oxygen  affinities  are  being 
evaluated.   The  primary  goal  is  to  determine  what  new  guidelines  should  be 
developed  for  the  2,3  DPG  level  of  blood  transfused  to  patients. 
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Grants  supporting  work  in  red  cell  preservation  deal  with  a  number  of 
studies  pertinent  to  the  improvement  of  methods  for  preserving  red  cells 
for  future  transfusion.   These  include  efforts  to  determine  whether  the 
development  of  the  storage  lesion  in  blood  stored  under  the  usual  blood 
bank  conditions  may  be  due  to  a  basic  metabolic  alteration.   Others  are 
studying  the  influence  of  cyclic  AMP  on  glycolysis  in  stored  red  cells, 
effect  of  citrate  on  redox  and  phosphorylation  state  and  the  influence  of  pH, 
temperature  and  cell  volume  on  citrate  permeability.  Promising  studies  are 
also  being  carried  out  on  the  relationship  of  aging  of  red  cells  to  changes 
in  2,3  DPG  and  the  mechanism  by  which  nucleosides  prevent  loss  on  storage. 
Bunding  for  FY  1973  has  been  $157,725.   In  addition,  studies  of  cryopreserva- 
tion  of  red  blood  cells  are  being  carried  out  as  part  of  the  multicategorical 
New  York  Blood  Center  Program  Project. 

Children's  Hospital  Medical  Center  NIH  71-2103 

Boston,  Massachusetts 

Principal  Investigator:   Dr ,  Sherwin  Kevy 

FY  1973  Support:   0  Previous  Funding:   $77,544 

Laboratory  for  Comparative  Biochemistry  NIH  71-2104 

San  Diego,  California 

Principal  Investigator:   Dr.  Grant  R.  Bartlett 

FY  1973  Support:   $32,486      Previous  Funding:   $54,264 

King  County  Central  Blood  Bank  NIH  71-2105 

Seattle,  Washington 

Principal  Investigator:   Dr.  Robert  D.  Woodson 

FY  1973  Support:   $54,000      Previous  Funding:   $121,443 

Washington  University  School  of  Medicine  NIH  71-2106 

St.  Louis,  Missouri 

Principal  Investigator:   Dr.  John  A.  Collins 

FY  1973  Support:   0  Previous  Funding:   $73,274 

Ohio  State  University  NIH  71-2107 

Columbus,  Ohio 

Principal  Investigator:  Dr.  Stanley  Balcerzak 

FY  1973  Support:   0  Previous  Funding:   $128,888 

B.   Studies  on  Improving  and  Standardizing  the  Process  for  Preparation  of 
Cryoprecipitated  Anti-hemophil ic  Factor 

In  1971  the  Blood  Resource  Branch  initiated  studies  to  define  a  standard 
process  for  producing  cryoprecipitated  Factor  VIII  which  will  ensure  the 
highest  yield  per  unit  of  blood.  Any  laboratory  or  blood  bank  that  applies 
this  process  with  attention  to  the  prescribed  details  should  be  able  to 
produce  lots  of  this  material  that  are  more  uniform  in  potency  and  so  may  be 
employed  clinically  with  greater  confidence.   From  an  initial  group  of  six 
collaborative  institutions,  three  have  been  identified  to  have  continuing 
support  in  FY  1973.  Although  a  firm  protocol  has  not  yet  been  established, 
much  progress  has  been  made  during  the  two  years  of  support.   It  is  now 


DBDR-39 


lear  that  the  yield  of  Factor  VIII  by  cryoprecipitation  from  a  unit  of  blood 
is  affected  by:   a)  time  of  storage  from  phlebotomy  to  processing,  b)  cryo- 
precipitate  thawing  time,  c)  volume  of  solvent,  d)  plastic  composition  of 
blood  bag,  e)  type  of  anticoagulant  used,  f)  post-exercise  state  of  the  donor, 
g)  degree' of  mixing  of  freshly  drawn  blood,  and  h)  previous  harvesting  of 
platelets.   More  recent  data  indicate  that  1)  the  one  stage  in  vitro 
assay  with  human  brain  cephalin  is  superior  to  the  two  stage  in  vitro 
assay  for  prediction  of  in  vivo  Factor  VIII  activity  and  2)  there  is  value 
in  reconstituting  cryoprecipitate  in  saline  rather  than  plasma. 

American  National  Red  Cross  NIH  71-2394 

Washington,  D.  C. 

Principal  Investigator:  D.  C.  Triantaphyllopoulos ,  M.D. 

FY  1973  Support:   0  Previous  Funding:   $24,383 

Blood  Research  Institute,  Inc.   NIH  71-2395 

Boston,  Massachusetts 

Principal  Investigator:  Marshall  Melin,  Ph.D. 

FY  1973  Support:   0  Previous  Funding:   $78,570 

Children's  Hospital  NIH  71-2396 
Boston,  Massachusetts 

Principal  Investigator:   Sherwin  Kevy,  M.D. 
FY  1973  Support:   $15,224      Previous  Funding:   $39,209 

Thomas  Jefferson  University  NIH  71-2397 

Philadelphia,  Pennsylvania 

Principal  Investigator:   Edward  R.  Burka,  M.D. 

FY  1973  Support:   0  Previous  Funding:   $185,185 

King  County  Central  Blood  Bank  NIH  71-2398 

Seattle,  Washington 

Principal  Investigator:   Lawrence  A.  Harker ,  M.D. 

FY  1973  Support:   $78,813      Previous  Funding:   $139,595 

University  of  Southern  California  NIH  71-2399 
Los  Angeles,  California 

Principal  Investigator:   Carol  Kasper ,  M.D. 
FY  1973  Support:   $41,274      Previous  Funding:   $118,173 

C.   Platelet  Preservation 

Four  investigators  have  been  working  under  contract  for  3  years  attempting 
to  extend  the  shelf-life  of  platelets  intended  for  therapeutic  use.   With 
the  increasing  use  of  platelet  concentrates  in  patients  receiving  chemo- 
therapy for  advanced  malignancy,  a  longer  storage  time  for  this  blood 
component  would  aid  greatly  in  meeting  the  rising  demand. 

This  group  of  investigators  has  developed  methods  for  extending  the  shelf 
life  of  platelets  from  24  hours  to  72  hours.   They  have  also  found  that 
preservation  at  ambient  temperature  during  storage  requires  continuous 
.agitation  to  maintain  viability.   The  results  of  investigations  are  currently 
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being  brought  to  the  attention  of  the  blood  bank  community.   It  has  also 
been  shown  that  DMSO  is  a  potential  preservative  for  long-term  storage 
of  platelets.   In  addition,  lipid  alterations  appear  related  to  diminished 
viability  during  storage. 

Among  matters  yet  to  be  investigated  are:   the  most  suitable  plastic 

bag  for  storage,  the  relative  merits  of  frozen  and  room-temperature  storage, 

and  a  complete  new  method  for  long-term  storage.   Furthermore,  elucidation  of 

the  storage  lesion  might  permit  development  of  additives  to  protect  platelet 

viability. 

Grants  supporting  work  in  platelet  preservation  have  as  their  objective 
the  improvement  in  techniques  for  storage  of  platelets  for  transfusion  and  are 
funded  at  the  $339,606  level  for  FY  1973.   The  investigative  efforts  include 
the  study  of  immunologic  factors  responsible  for  platelet  destruction  as  well 
as  the  efficiency  of  oxidative  phosphorylation,  energy-linked  ion  transport, 
mitochondrial  protein  synthesis  and  DNA-RNA  polymerase  activity  in  stored 
platelet  mitochondria.   Other  efforts  are  directed  toward  an  understanding 
of  how  platelet  storage  affects  adenine  nucleotide  metabolism,  energy  substrate 
metabolism  and  phospholipid  turnover  and  platelet  function,  as  measured  by 
aggregation  and  the  "release  reaction."  These  studies  will  provide 
a  definition  of  metabolic  impairment  in  stored  platelets,  correct  or  com- 
pensate for  it,  and  so  prolong  the  shelf  life  of  human  platelet  concentrates. 
Studies  of  cryopreservation  of  platelets  are  carried  out  as  part  of  the  multi- 
categorical  New  York  Blood  Center  Program  Project. 

In  fiscal  year  1973  the  following  contract  renewals  were  made: 

King  County  Central  Blood  Bank 

Seattle,  Washington 

Principal  Investigator:  Dr.  Sherril  Slichter 

FY  1973  Support:   $22,239      Previous  Funding:   $173,550 

Milwaukee  Blood  Center 

Milwaukee,  Wisconsin 

Principal  Investigator:  Dr.  Richard  Aster 

FY  1973  Support:   $42,100      Previous  Funding:   $357,874 

Memorial  Hospital 
Providence,  Rhode  Island 

Principal  Investigator:   Dr.  Mario  Baldini 
FY  1973  Support:   $58,657      Previous  Funding:   $107,110 

A  fourth  contract  with  Presbyterian-University  of  Pennsylvania  Medical  Center 
was  not  renewed  because  a  grant  which  covered  this  area  was  awarded  to  this 
institution. 

D.  Artificial  Blood 

There  are  two  grants  which  deal  with  the  category  of  artificial  blood  with 
total  funding  being  $99,274  for  FY  1973.   One  grant  is  aimed  at  preparing 
■covalently  cross-linked  hemoglobins  from  outdated  human  red  cells,  whose  life 
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span  in  the  plasma  of  a  recipient  will  make  it  suitable  for  use  as  a  plasma 
expander  and  oxygen  carrier.   The  other  grant  has  as  its  objectives  the 
continuation  of  the  development  of  artificial  preparations  for  use  as  whole 
blood  replacement  and  to  further  explore  the  physiological,  biochemical  and 
nutritional  aspects  of  animals  and  isolated  organs  sustained  by  these 
liquid  f luorocarbons . 

E.   Research  and  Development  of  Urokinase  Production 

The  Urokinase  Streptokinase  Pulmonary  Embolism  Trial,  supported  by  the 
Blood  Resource  Branch  and  now  in  its  terminal  phase,  has  demonstrated 
that  urokinase  is  efficacious  as  a  thrombolytic  agent  in  the  treatment  of 
pulmonary  embolism.   Thus,  the  clinical  demand  for  urokinase  may  soon 
increase  significantly.   However  the  production  of  urokinase  from  human 
urine  is  a  very  laborious  process  resulting  in  a  very  expensive  product. 
The  major  objective  of  projects  in  this  area  is  to  develop  a  technique  for 
large  scale  production  and  harvesting  of  clinically  useful  urokinase  from 
human  renal  cell  cultures.   Such  a  technique  might  provide  a  practical 
economic  alternative  to  human  urine  as  a  source  of  urokinase.   During  Fiscal 
Year  1973,  advances  have  been  made  which  have  enhanced  the  quality  and 
quantity  of  urokinase  obtained  from  non-urinary  sources.   Cellular  culture 
techniques,  urokinase  producing  cell  lines,  and  methods  of  harvesting 
urokinase  from  cell  culture  have  been  improved.   During  the  next  year,  major 
efforts  in  this  program  area  will  be  aimed  at  continued  improvement  of  the 
quality  of  the  non-urinary  urokinase  produced  and  at  increasing  production 
capacity. 

Abbott  Laboratories 

North  Chicago,  Illinois 

Principal  Investigator:  Mr.  Grant  Barlow 

FY  1973  Support:   $100,000     Previous  Funding:  $432,831 


Collaborative  Research,  Inc. 

Waltham,  Massachusetts 

Principal  Investigator:  Dr.  Orrie  Friedman 

FY  1973  Support:   $100,000     Previous  Funding:  $285,220 

F.   Platelet  Typing  and  Refractoriness  to  Platelet  Transfusions 

With  the  increasing  use  of  chemotherapeutic  agents ,  the  requirement  for 
platelet  transfusions  has  increased.   A  major  barrier  to  successful  con- 
tinued platelet  transfusion  therapy  has  been  the  frequent  development  of 
refractoriness  to  such  transfusions.   In  order  to  overcome  this  problem, 
more  information  on  the  causes  of  refractoriness  and  an  exploration  of  the 
feasibility  of  platelet  HL-A  typing  and  matching  are  required.   The  five 
contracts  chosen  will  explore  a  variety  of  approaches  to  the  problem. 
They  will  compare  the  efficacy  of  platelet  transfusions  in  HL-A  unmatched, 
partially-matched,  and  well-matched  donors  and  recipients.   In  addition, 
studies  will  focus  on  determining  which  of  the  HL-A  antigens  are  most 
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important  ir>  developing  platelet-specific  tests  for  compatibility,  and 
on  finding  ways  to  suppress  immunologic  reactivity. 

Milwaukee  Blood  Center,  Inc. 
Milwaukee,  Wisconsin 

Principal  Investigator:  Dr.  Glenn  Rodey 
FY  1973  Support:   $150,634 

University  of  Iowa 

Iowa  City,  Iowa 

1  \  "ipal  Investigator:  Dr.  John  Hoak 

FY  1973  Support:   $134,223 

King  County  Central  Blood  Bank 

Seattle,  Washington 

Principal  Investigator:  Dr.  Sherril  Slichter 

FY  1973  Support:   $160,000 

Northwestern  University 

Chicago,  Illinois 

Principal  Investigator:  Dr.  V.  K.  Mittal 

FY  1973  Support:   $118,569 

Irwin  Memorial  Blood  Bank 

San  Francisco,  California 

Principal  Investigator:  Dr.  Herbert  Perkins 

FY  1973  Support:   $84,966 

G.  New  Methods  of  Plasma  Fractionation 

The  Cohn  ethanol  fractionation  process  is  the  only  method  currently  practi- 
cable and  licensed  to  fractionate  blood  into  its  protein  components .  While 
present  methodology  has  successfully  produced  supplies  of  albumin,  fibrino- 
gen, prothrombin  complex,  gamma  globulin,  and  Factor  VIII  for  clinical  use, 
these  fractionation  techniques  require  large  capital  investment  and  still 
require  approximately  one  week  to  process  one  batch  of  blood.  New  research 
could  lead  to  technology  utilizing  further  automation  with  an  emphasis 
on  continuous  procedures  and  a  shortening  of  the  time  required  for  the 
fractionation  process .   New  scientific  methods  can  also  be  studied  to 
supplant  the  Cohn  method  for  fractionating  plasma.   The  Blood  Resource  Branch 
'  /  -  Identified  five  proposals  to  study  plasma  fractionation  which  will  be 
insLxtuted  with  FY  1973  funds.   Two  proposals,  from  the  Bio-Gant  Corporation 
and  the  Center  for  Blood  Research,  will  attempt  to  modify  plasma  fractiona- 
tion technology  leaving  the  Cohn  method  basically  intact;  these  contractors 
will  design  devices  to  fractionate  plasma  which  will  be  continuous  and 
automated  using  solid  phase  separators,  in-line  continuous  centrifuges, 
and  other  new  technological  applications.  Two  other  contractors  will  attempt 
to  use  precipitating  agents  other  than  ethanol,  which  are  potentially  mild 
enough  to  preserve  protein  integrity.   Travenol  Laboratories  will  study 
water  soluble,  nonionic  pol3raiers  of  high  molecular  weight,  and  New  York 
University  will  investigate  the  use  of  solid-phase  polyelectrolyte  resins. 
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A  fifth  contract  with  Washington  University  will  study  membranes  and  gels         | 
with  sharp  molecular  size  cut-offs.  ; 

The  Blood  Resource  Branch  will  support  the  following  institutions  in 

FY  1973  in  the  plasma  fractionation  area:  I 

Hyland  Division,  Travenol  Laboratories 
Costa  Mesa,  California 

Principal  Investigator:   Dr.  Luis  Garcia 
FY  1973  Support:   $155,000 

Center  for  Blood  Research 

Boston,  Massachusetts 

Principal  Investigator:  Dr.  Robert  Pennell 

FY  1973  Support:   $145,000  i 

New  York  University  | 

New  York,  New  York  | 

Principal  Investigator:  Dr.  Alan  Johnson 
FY  1973  Support:   $50,000  j 

Bio-Gant  Corporation 

Woodbridge,  Connecticut 

Principal  Investigator:  Dr.  Warren  Jewett 

FY  1973  Support:   $110,000 

Washington  University 

St,  Louis,  Missouri 

Principal  Investigator:   Dr.  Robert  Sparks 

FY  1973  Support:   $40,000 

H.   Isolation  of  Non-Human  Factor  VIII  for  Clinical  Use 

For  more  than  a  decade  non-human  factor  VIII  has  been  used  in  England  . 

for  treatment  of  life-threatening  bleeding  crises  in  hemophiliacs  who  i 

have  developed  circulating  inhibitors  against  human  factor  VIII.   Lives 

have  been  saved  because  a  supply  of  animal  factor  VIII  was  on  hand.   In 

the  United  States  it  has  been  estimated  that  from  5%  to  16%  of  hemophiliacs 

requiring  exogenous  factor  VIII  develop  inhibitors  to  this  protein  at 

sometime  during  their  lives.   This  population  may  increase  as  prophylactic        | 

and  home  therapy  become  more  common.   Exchange  transfusion,  the  current  I 

treatment  of  choice  for  severe  hemorrhage  in  the  hemophiliac  refractory 

to  human  factor  VIII,  is  not  always  readily  available  when  a  bleeding  crisis      | 

occurs.   A  supply  of  factor  VIII  from  at  least  two  animal  species  will  be  a       j 

valuable  adjunct  in  the  management  of  hemophilic  patients  with  inhibitors         1 

in  the  United  States. 

-1 
Two  contracts  have  been  negotiated  in  this  area  and  are  awaiting  FY  1973  ! 

funding.   The  Michigan  Department  of  Public  Health  will  produce  1.5  million 

units  of  bovine  factor  VIII  in  a  two  year  time  period,  and  Miles  Laboratories 

Inc.  will  produce  1.5  million  units  of  porcine  factor  VIII  in  three  years 
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time.   After  production,  the  factor  VIII  will  be  distributed  for  clinical 
evaluation  by  the  producers  at  the  direction  of  the  Blood  Resource  Branch. 

Michigan  Department  of  Public  Health 
Lansing,  Michigan 

Principal  Investigator:  Kenneth  Wilcox,  M.D. 
Recommended  Funding  FY  1973:   $159,400 

Miles  Laboratories,  Inc. 
Elkhart,  Indiana 

Principal  Investigator:   Fred  Rothstein,  Ph.D. 
Recommended  Funding  FY  1973:   $132,250 

IV.   Transplantation  Biology 

A.   The  Removal  of  Histocompatibility  Antigens  from  Blood 

Patients  vjho  receive  transplanted  organs ,  especially  kidneys ,  often  require 
blood  transfusion  for  anemia  or  as  part  of  their  therapy  prior  to  operation. 
However,  when  these  patients  are  transfused  they  often  become  sensitized  to 
the  white  cell  and  platelet  histocompatibility  antigens  present  in  whole 
blood.   The  incidence  of  rejection  of  the  transplanted  organ  is  much  higher 
in  patients  who  are  sensitized  to  histocompatibility  antigens  whether  by 
transfusion,  pregnancies,  or  grafts.   Since  the  underlying  disease  of  many  of 
these  patients  requires  transfusions,  it  is  desirable  to  reduce  as  much  as 
possible  the  antigen  content  of  the  blood  prior  to  transfusion. 
Accordingly,  the  Blood  Resource  Branch  has  sponsored  studies  aimed  at  two 
objectives:   the  first  is  to  study  methods  of  removing  histocompatibility 
antigens  from  blood.   Freezing  and  thawing  of  red  cells  presently  offers 
the  best  combination  of  antigen  removal  with  red  cell  recovery.   Studies 
are  being  carried  out  to  determine  if  non-viable  cells  or  cell  fragments 
can  sensitize  the  recipient.   The  second  objective  is  a  clinical  trial 
involving  the  transfusion  of  histocompatibility  antigen-poor  blood  to 
monitor  the  degree  and  rapidity  of  sensitization  by  various  preparations. 
To  date  there  appears  to  be  more  rapid  sensitization  in  preparations  con- 
taining intact  leukocytes  and  platelets .   These  clinical  trials  will  continue 
with  the  expectation  of  obtaining  statistically  significant  results  in 
the  coming  year. 

There  is  one  grant  which  supports  efforts  in  the  general  category  of 
transplantation.   Its  objective  is  to  extend  current  knowledge  on  the  nature 
and  roles  in  man  of  the  leukocyte  antigens  and  of  the  antibodies  which  these 
engender  and  to  apply  this  information  to  the  transplantation  of  human  organs. 
Support  during  FY  1973  was  $93,154. 

American  National  Red  Cross  NIH  71-2407 

Washington,  D.  C. 

Principal  Investigator:  Dr.  Harold  Meryman 

FY  1973  Support:   -0-  Previous  Funding:   $113,377 
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Irwin  Memorial  Blood  Bank  NIH  71-2408 

San  Francisco,  California 

Principal  Investigator:  Dr,  Herbert  Perkins 

FY  1973  Support:   $64,354      Previous  Funding:   $131,170 

University  of  Kentucky  NIH  71-2409 

Lexington,  Kentucky 

Principal  Investigator:  Dr.  William  Miller 

FY  1973  Support:   -0-  Previous  Funding:   $92,634 

Minneapolis  War  Memorial  Blood  Bank  NIH  71-2410 

Minneapolis,  Minnesota 

Principal  Investigator:  Dr.  Herbert  Polesky 

FY  1973  Support:   $56,715      Previous  Funding:   $97,050 
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ANNUAL  REPORT 
of  the 

DIVISION  OF  TECHNOLOGICAL  APPLICATIONS 
July  1,  1972  through  June  30,  1973 

The  Division  of  Technological  Applications  was  established  November  6,  1972, 
as  part  of  the  re-organization  of  the  National  Heart  and  Lung  Institute.  It 
was  given  duties  which  represent  an  expansion  of  the  roles  of  the  Medical 
Devices  Applications  Program  and  of  the  Artificial  Heart  Program  which  pre- 
ceded it.  The  Division  will  plan  and  direct  the  programs  of  the  Institute 
in  the  technological  development  and  application  of  devices  in  diseases  of  the 
heart,  blood  vessels,  lungs,  and  blood.  It  encompasses  design  and  develop- 
ment of  devices,  bio-instrumentation  and  bio-materials  research,  and  testing 
and  evaluation  of  devices. 

Division  Organization 

The  Division  has  four  branches,  with  the  following  responsibilities: 

The  Biomaterials  Branch  plans,  conducts,  and  directs  a  program  of  basic  and 
applied,  clinical  and  non-clinical  research  directed  toward  the  development 
of  materials  which  can  be  used  safely  and  effectively  in  medical  devices. 

The  Devices  Branch  plans,  conducts,  and  directs  a  program  of  basic  and  applied, 
clinical  and  non-clinical  research  designed  to  provide  cardiovascular  and  res- 
piratory devices,  including  development  of  all  power  sources,  to  permit  the 
total  implantation  of  cardiac  assist  devices  and  artificial  hearts  with  con- 
trol devices,  and  to  provide  other  devices  such  as  blood  oxygenators  and  car- 
diopulmonary bypass  systems. 

The  Instrumentation  Branch  plans,  conducts,  and  directs  a  program  of  basic  and 
applied,  clinical  and  non-clinical  research  in  the  development  of  cardiovascu- 
lar and  respiratory  instrumentation. 

The  Test  and  Evaluation  Branch  plans,  conducts,  and  directs  a  program  of  pre- 
clinical and  clinical  tests  and  evaluations  of  medical  devices  in  order  to 
identify  potential  problems  and  opportunities  for  improvement  both  during  the 
development  of  and  at  the  completion  of  fabrication  of  medical  devices. 

Full  implementation  of  these  responsibilities  awaits  increased  budget  and 
staffing.  However,  during  the  past  year,  work  has  continued  on  contract- 
funded  research  and  development  of  cardiovasular  and  respiratory  life  sup- 
port devices,  of  blood-compatible  materials,  and  of  supporting  technology 
and  instrumentation  for  patient  monitoring  and  diagnosis.  Consideration  of 
program  needs  and  budget  resources  has  led  to  the  termination  of  several  con- 
tracts during  the  year  and  to  a  decision  to  phase  out  the  two  test  and  evalu- 
ation facilities. 
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New  Contract  Awards 

New  contract  awards  resulting  from  three  Requests  for  Proposals  (RFPs) 
issued  last  year  have  been  fewer  than  expected,  and  no  new  RFPs  were  issued 
this  fiscal  year.  Under  RFP  NHLI-MDAP~72-19,  Materials  Development  and 
Testing,  50  proposals  were  received  and  16  contracts  were  awarded.  Under 
RFP  NHLI-MDAP-72-20,  Instrumentation  for  Development  and  Utilization  of 
Medical  Devices  and  for  Patient  Diagnosis  and  Monitoring,  there  were  117 
proposals  received  and  9  contracts  have  been  awarded,  4  of  which  will  be 
managed  by  the  Division  of  Lung  Diseases.  Under  RFP  NHLI-MDAP-72-21  ,  Devel- 
opment and  Testing  of  Cardiac  Assist  and  Replacement  Devices,  46  proposals 
were  received.  It  is  expected  that,  by  the  end  of  fiscal  year  1973,  7  con- 
tracts will  have  been  awarded  as  a  result  of  this  RFP. 

Change  in  Review  Procedures 

During  the  past  year,  the  mechanism  for  review  of  proposals,  in  response  to 
RFPs  and  for  renewal  of  existing  contracts,  has  been  changed,  with  a  view 
to  maximizing  objectivity  and  freedom  from  bias  in  the  selection  of  contrac- 
tors. Under  the  new  system,  review  panels  are  selected  by  the  Review  Branch 
of  the  Division  of  Extramural  Affairs  (DEA)  from  a  master  roster  prepared 
primarily  by  the  DTA  and  categorized  by  the  DTA  as  to  each  person's  areas  of 
special  expertise.  These  panels  pass  judgment  on  scientific  merit  alone. 
Proposed  composition  of  each  panel  is  decided  after  review  by  both  DEA  and 
DTA  of  the  proposals  to  be  evaluated  to  determine  the  areas  of  expertise 
which  must  be  represented.  Recommendations  of  the  review  panels  are  trans- 
mitted to  the  DTA.  Final  decisions  on  awards  are  subject  to  program  priori- 
ties and  budget  resources  and  are  made  by  the  Director  and  staff  of  the 
Division  of  Technological  Applications. 

Advisory  Committee 

The  Advisory  Committee  of  the  Division  of  Technological  Applications  was 
established  to  provide  the  Directors  of  the  NHLI  and  the  DTA  with  advice  on 
goals,  priorities  and  policies  of  DTA.  The  Committee  does  not  review  indi- 
vidual proposals  nor  engage  in  monitoring  contracts. 

The  Advisory  Committee  was  brought  up  to  nearly  its  full  strength  of  15  members 
and  met  three  times  this  past  year.  Most  of  the  items  discussed  have  been  de- 
signed to  bring  the  Committee  up  to  date  on  the  current  status  of  the  plans  and 
activities  of  the  Division.  At  the  meeting  of  May  30,  1973,  the  advice  of 
the  Committee  was  sought  by  the  Institute  on  two  important  developments  in 
the  medical  device  field.  The  Committee  was  asked  to  provide  (1)  a  critical 
evaluation  of  the  clinical  status  of  emergency  and  temporary  circulatory 
support  devices,  and  (2)  a  definitive  assessment  of  the  status  of  heart 
valves.  Reports  to  the  Director  of  the  NHLI  on  these  two  areas  are  sche- 
duled for  early  in  calendar  year  1974. 

A  member  of  the  Advisory  Committee,  Dr.  Louis  Rakita,  cardiologist  from  the 
Cleveland  Metropolitan  General  Hospital,  accompanied  Dr.  Clarence  Dennis 
and  Dr.  Lowell  Harmison  of  the  DTA  on  a  trip  to  Russia  in  late  February. 
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The  trip  was  planned  to  help  determine  the  areas  of  possible  fruitful  col- 
laboration in  assis^^d  circulation,  heart  replacement,  and  related  work. 

Current  Committee  members  (including  membership  termination  dates)  are: 


Mitel  p'",  W.  Spellman,  M.D.,  Chairman 
Dean,  Charles  R.  Drew  Postgraduate 

Medical  School 
Los  Angeles,  California  6/30/75 

Nina  S.  Braunwald,  M.D. 
Associate  Clinical  Professor 

of  Surgery 
Peter  Bent  Brigham  Hospital 
Boston,  Massachusetts  6/30/74 

Mary  Allen  Engle,  M.D. 

Professor  of  Pediatrics 

Head,  Division  of  Pediatric  Cardiology 

The  New  York  Hospital 

Cornell  University  Medical  College 

New  York,  New  York  6/30/75 

Pierre  M.  Galletti,  M.D. 
Chairman,  Division  of  Biological 

and  Medical  Sciences 
Brown  University 
Providence,  Rhode  Island  6/30/75 

James  D.  Hardy,  M.D. 
Professor  and  Chairman 
Department  of  Surgery 
University  of  Mississippi  Med.  Ctr. 
Jackson,  Mississippi  6/30/74 

Richard  W.  Hyde,  M.D. 

Associate  Professor  of  Medicine, 

Radiation  Biology  and  Biophysics 
Department  of  Radiation  Biology 

and  Biophysics 
University  of  Rochester  Medical  Center 
Rochester,  New  York  6/30/76 

James  A.  Kent,  Ph.D. 

Dean  of  Engineering 

Michigan  Technological  University 

Houghton,  Michigan  6/30/74 


Robert  I.  Leininger,  Ph.D. 
Assistant  Manager 
Environment,  Chemical  and 

Biological  Research  Department 
Battelle  Columbus  Laboratories 
Columbus,  Ohio  6/30/75 

Fred  Leonard,  Ph.D. 
Research  Director 
Rehabilitation  Research  and 

Training  Center 
George  Washington  Hospital 
Washington,  D.  C.  6/30/76 

Louis  Rakita,  M.D. 
Case  Western  Reserve  University 
Director,  Division  of  Cardiology 
Cleveland  Metropolitan  General  Hosp, 
Cleveland,  Ohio  6/30/73 

Isadore  Rosenfeld,  M.D. 
Clinical  Associate  Professor 

of  Medicine 
Cornell  University  Medical  College 
New  York,  New  York  6/30/74 

J.  P.  Ruina,  D.E.E. 
Massachusetts  Inst,  of  Technology 
Cambridge,  Massachusetts  6/30/74 

Helen  B.  Taussig,  M.D. 
Professor  Emeritus  of  Pediatrics 
Johns  Hopkins  Hospital 
Baltimore,  Maryland  6/30/74 

William  H.  Woodward 
Director,  Power  and  Electric 

Propulsion  Division 
Office  of  Advanced  Research 

and  Technology 
NASA 
Washington,  D.  C.  6/30/73 
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Accompi  I'shments 

During  the  past  year  of  work  in  the  DTA,  there  have  been  significant 
advances  in  the  biomaterials  area  and  in  the  blood  pumps  and  power  sources 
areas.  Microwave  discharge  grafted  hydrogels,  such  as  polyacryl amide  and 
polyhydroxyethylmethacrylate,  performed  exceedingly  well  both  in  vitro  and 
in  vivo.  The  grafting  process  has  been  refined,  and  reproducible  results 
can  now  be  obtained  with  a  variety  of  polymeric  substrates.  A  Model  VI  blood 
pump  bladder  has  been  grafted  with  hydrogels,  implanted  in  the  calf,  and  per- 
formed exceedingly  well  without  the  use  of  heparin.  Another  achievement  was 
the  successful  fabrication  of  blood  pump  bladders  from  segmented  polyether- 
urethanes  by  both  dip-molding  and  spray-coating  techniques.  Another  achieve- 
ment was  the  successful  growth  of  endothelial-! ike  cells  on  the  microfiber 
substrates  prepared  from  polyesters  and  parylene-C  coated  polypropylene. 
These  endothelial-! ike  cells  on  substrate  fibers  attached  to  tubes  and  blood 
pump  bladders  have  performed  well  in  calves. 

In  the  course  of  the  year,  several  kinds  of  pumps  and  energy  systems  were 
tested  in  animals.  Energy  systems  used  in  these  in  vivo  tests  included  a 
solenoid,  a  piezoelectric  system,  a  rotary  electric  motor,  and  thermal  engines 
using  radioisotope  fuel.  One  of  the  left  ventricular  assist  punips  powered  by 
a  thermal  engine,  using  plutonium-238,  functioned  in  a  calf  for  111  hours. 
Using  external  power  sources,  a  left  ventricular  assist  pump  has  run  over 
eight  months  in  a  calf,  and  two  total  hearts  have  run  over  17  days  in  calves. 

Program  Plans 

Plans  for  the  next  year  include  continued  work  on  a  broad  front  in  the  search 
for  better  materials  from  the  points  of  view  of  (1)  hemocompatibil ity,  (2) 
endurance,  and  (3)  resistance  to  deterioration  induced  by  body  fluids  or  irra- 
diation. It  is  planned  to  continue  the  improvement  and  testing  of  total 
hearts,  assist  devices,  and  engines  and  other  power  sources.  Under  contracts 
recently  awarded,  work  will  be  performed  on  a  number  of  approaches  to  non- 
invasive diagnosis  and  monitoring. 
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RESEARCH  AND  DEVELOPMENT  CONTRACTS  OF  THE  DIVISION  OF  TECHNOLOGICAL  APPLICATIONS 

(Active  during  FY  1973) 

BIOMATERIALS  BRANCH  TA-  9 

Abcor,  Inc.  (NIH-71-2047) TA-10 

Cambridge,  Massachusetts 
Arthur  D.  Little,  Inc.  (NIH-73-2916) TA-10 

Cambridge,  Massachusetts 
Avco  Everett  Research  Lab.  (NIH-73-2917) .  . TA-11 

Everett,  Massachusetts 
Battelle  Memorial  Institute  (PH43-58-649) TA-11 

Columbus ,  Ohio 
Battelle  Memorial  Institute  (NIH-71-2058) TA-12 

Columbus ,  Ohio 
Battelle  Memorial  Institute  (NIH-73-2918) TA-13 

Columbus,  Ohio 
Calspan  Corporation  (NIH-73-2953) TA-13 

Buffalo,  New  York 
Carnegie-Mellon  University  (NIH-73-2949) TA-13 

Pittsburgh,  Pennsylvania 
Cleveland  Clinic  Foundation  (NIH-73-2914) TA-14 

Cleveland,  Ohio 
Columbia  University  (NIH-73-2910) TA-14 

New  York,  New  York 
Franklin  Institute  Research  Labs.  (NIH-71-2017) TA-14 

Philadelphia,  Pennsylvania 
Gulf  Oil  Corporation  (NIH-73-2921) TA-15 

San  Diego,  California 
Gulf  Oil  Corporation  (NIH-73-2954) TA-16 

San  Diego,  California 
Hospital  for  Sick  Children  (NIH-73-2911 ) TA-16 

Toronto,  Canada 
Jet  Propulsion  Laboratory  (Reimbursable  Agreement) TA-17 

Pasadena,  California 
Johns  Hopkins  University  (PH43-68-84) TA-17 

Baltimore,  Maryland 
National  Bureau  of  Standards  (Reimbursable  Agreement) TA-18 

Washington,  D.C. 
North  Star  Research  and  Development  Institute  (NIH-71-2364)  TA-18 

Minneapolis,  Minnesota 
Polysciences,  Inc.  (PH43-66-1124) TA-18 

Warrington,  Pennsylvania 
Providence  Hospital  (NIH-71-2060) TA-19 

Seattle,  Washington 
Research  Triangle  Institute  (NIH-73-2913) TA-20 

Research  Triangle  Park,  North  Carolina 
Stanford  Research  Institute  (NIH-73-2959) TA-20 

Menlo  Park,  California 
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state  University  of  New  York  (PH43-68-75) TA-21 

Brooklyn,  New  York 
Thermo  Electron  Corporation  (NIH-73-2915) TA-21 

Waltham,  Massachusetts 
Union  Carbide  Corporation  (PH43-68-1388) TA-22 

Bound  Brook,  New  Jersey 
Union  Carbide  Corporation  (NIH-73-2950)  .  .TA-22 

Bound  Brook,  New  York 
University  of  California  (NIH-73-2952) TA-23 

Berkeley,  California 
University  of  Michigan  (NIH-71 -2054) TA-23 

Ann  Arbor,  Michigan 
University  of  Utah  (NIH-73-2912) TA-24 

Salt  Lake  City,  Utah 
University  of  Vermont  (PH43-68-1427) TA-24 

Burlington,  Vermont 
Washington  University  (NIH-73-2909) TA-25 

St.  Louis ,  Missouri 
Whittaker  Corporation  (NIH-73-2919) TA-26 

Waltham,  Massachusetts 


DEVICES  BRANCH TA-27 

Aerojet  General  Corporation  (NIH-73-2930) TA-28 

Azusa,  California 
Albany  Medical  College  (NIH-69-2050) TA-29 

Albany,  New  York 
Arco  Nuclear  Co.  (NIH-72-2900) TA-29 

Leechburg,  Pennsylvania 
Andros,  Inc.  (NIH-70-2045) TA-30 

Berkeley,  California 
Battelle  Northwest  (PH43-66-1130)  ...  .TA-31 

Richland,  Washington 
Brown  University  (NIH-69-2047) TA-31 

Providence,  Rhode  Island 
Cleveland  Clinic  Foundation  (NIH-69-2184) TA-31 

Cleveland,  Ohio 
Dow  Chemical  Co.  (PH43-68-1387) TA-32 

Walnut  Creek,  California 
Esso  Research  and  Engineering  Co.  (NIH-71 -2369) TA-33 

Linden ,  New  Jersey 
General  Electric  Co.  (NIH-71 -2361 ) TA-33 

Schenectady,  New  York 
McDonnell  Douglas  Astronautics  Co.  (PH43-67-1408) TA-34 

Richland,  Washington 
Meloy  Laboratories,  Inc.  (PH43-67-1418) TA-34 

Springfield,  Virginia 
Montefiore  Hospital  (NIH-72-2902) TA-35 

Bronx,  New  York 
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Pennsylvania  State  University  (NIH-73-2966) TA-35 

Hers hey,  Pennsy'vania 
Physics  International  (NIH-69-2253) TA-36 

San  Leandro,  California 
Stanford  Researci.  Institute  (PH43-67-1422) TA-36 

Merv"  'ark,  California 
Statham  Instruments,  Inc.  (PH43-68-1502) ■.  .TA-37 

Oxnard,  California 
Tecna  Corporation  (NIH-71-2035) TA-38 

Emeryville,  California 
Tecna  Corporation  (NIH-73-2924) TA-39 

Emeryville,  California 
Thermo  Electron  Corporation  (PH43-68-1455) TA-39 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (PH43-66-982) TA-40 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (NIH-69-2182) TA-41 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (NIH-73-2948)  :  .  .  .TA-41 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (NIH-71 -2065) TA-42 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (NIH-73-2945) TA-43 

Waltham,  Massachusetts 
Thermo  Electron  Corporation  (NIH-73-2946) TA-43 

Waltham,  Massachusetts 
Travenol  Laboratories,  Inc.  (PH43-67-1425) TA-44 

Morton  Grove,  Illinois 
Tyco  Laboratories,  Inc.  (NIH-73-2925) TA-44 

Waltham,  Massachusetts 
Tyco  Laboratories,  Inc.  (NIH-73-2923) TA-45 

Waltham,  Massachusetts 
University  of  Kentucky  (NIH-73-2928) TA-45 

Lexington,  Kentucky 
University  of  Minnesota  (NIH-73-2967) TA-46 

Minneapolis,  Minnesota 
University  of  Mississippi  (NIH-69-2185) TA-46 

Jackson,  Mississippi 
University  of  Utah  (NIH-69-2181) TA-46 

Salt  Lake  City,  Utah 
Washington  University  {NIH-71 -2366) TA-47 

St.  Louis ,  Missouri 
Yale  University  (NIH-72-2901) TA-47 

New  Haven,  Connecticut 
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BIOINSTRUMENTATION  BRANCH TA-49 

Boston  University  (NIH-73-2993) TA-49 

Boston,  Massachusetts 
Children's  Memorial  Hospital  (NIH-73-2995) TA-50 

Chicago,  Illinois 
General  Electric  Company  (NIH-69-2238) TA-50 

Schenectady,  New  York 
Geomet,  Inc.  (NIH-71 -2429) TA-51 

Rockville,  Maryland 
Holosonics,  Inc.  (NIH-73-2991 ) TA-51 

Richland,  Washington 
Institute  of  Environmental  Medicine  and  Physiology  (NIH-73-2994) .  .  .  .TA-51 

Seattle,  Washington 
Konigsberg   Instruments   (NIH-69-2241 ) TA-51 

Pasadena,  California 
Mayo  Foundation  (NIH-73-3012) TA-52 

Rochester,  Minnesota 
Westinghouse  Electric  Corporation  (PH43-68-661 ) TA-52 

Pittsburgh,  Pennsylvania 

TESTING  AND  EVALUATION  BRANCH TA-53 

IIT  Research  Institute  (NIH-69-2125) TA-53 

Chicago,   Illinois 
University  of  Utah   (NIH-70-2081 ) TA-54 

Salt  Lake  City,  Utah 
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BIOMATERIALS  BRANCH 

In  the  Fall  of  1972,  16  new  contracts,  including  two  reimbursable  agreements, 
were  awarded  in  the  biomaterials  area  in  response  to  RFP-NHLI-MDAP-72-19.  The 
major  thrusts  of  these  contracts  are  (a)  investigations  of  surface  phenomena 
which  accompany  the  interaction  of  synthetic  polymers  with  blood  components, 
especially  the  configurational  and  conformational  changes  of  plasma  proteins, 
(b)the  interaction  of  the  formed  cellular  elements  of  the  blood  with  synthetic 
polymers  in  the  presence  of  shear  fields,  (c)  the  long  range  mechanical  and 
physical  performance  of  synthetic  polymers  in  the  biological  environment,  (d) 
the  surface  modifications  of  polymers  via  microwave  discharge  treatments  with 
and  without  the  presence  of  monomers,  (e)  the  preparation  and  development  of 
polyalkylsulfones  for  possible  use  in  oxygenators,  and  (f)  the  development  of 
a  new  type  of  so-called  "springy"  polypropylene.  These  new  efforts  are  repre- 
sentative of  the  broad  aspect  of  the  problem  characteristic  of  the  performance 
of  polymers  in  the  biological  environment.  In  particular,  emphasis  has  been 
placed  on  surface  interactions  with  blood  and  the  total  performance  of  the 
polymer  system  with  respect  to  physical  and  mechanical  stability  in  the  bio- 
logical environment.  The  problem  of  blood  compatibility  is  thus  dependent  on 
the  understanding  of  the  performance  of  synthetic  polymers  with  respect  to 
both  bulk  and  surface  propensities. 

Among  the  major  achievements  during  the  past  year  was  the  demonstration  that 
microwave  discharge-grafted  hydrogels,  such  as  polyacryl amide  and  polyhydroxy- 
ethylmethacrylate,  performed  exceedingly  well  both  in  vitro  and  in  vivo.  The 
grafting  process  has  been  refined,  and  reproducible  results  can  now  be  obtained 
with  a  variety  of  polymeric  substrates.  A  model  VI  blood  pump  bladder  has  been 
grafted  with  hydrogels,  implanted  in  the  calf,  and  performed  exceedingly  well 
without  the  use  of  heparin.  Another  achievement  was  the  successful  fabrication 
of  blood  pump  bladders  from  segmented  polyether-urethanes  by  both  dip  molding 
and  spray  coating  techniques.  Good  quality  bladders  are  being  fabricated  for 
the  Model  VI  blood  pump  to  replace  the  formerly  used  thermosetting  commercial 
polyurethanes  manufactured  by  Nichols  Engineering  Company.  The  spray-coating 
and  dip-molding  techniques  were  developed  by  the  Stanford  Research  Institute 
and  the  Jet  Propulsion  Laboratory,  respectively.  A  third  major  achievement  was 
the  successful  growth  of  endothelial-like  cells  at  the  Providence  Hospital  on 
the  microfiber  substrates  prepared  from  polyesters  and  parylene-C  coated  poly- 
propylene. These  endothelial-like  cells  on  substrate  fibers  attached  to  tubes 
and  blood  pump  bladders  have  performed  well  in  calves.  Still  another  achieve- 
ment was  the  further  development  of  thin  carbon  coatings  which  could  be  de- 
posited onto  flexible  polymeric  substrates.  Excellent  adhesion  was  achieved 
between  the  carbon  coatings  and  polymers  such  as  ^ery   high  modulus  segmented 
polyurethanes,  polyjnnides,  and  polycarbonates.  Biological  testing  of  these 
materials  is  currently  underway  but  many  variables  must  be  worked  out  before  a 
full  understanding  can  be  reached  for  the  development  of  optimum  biological 
properties.  Finally,  during  the  past  year,  the  vena  cava  ring  test,  developed 
originally  by  Dr.  Vincent  Gott  and  his  associates  at  the  Johns  Hopkins  Univer- 
sity Hospital,  has  been  transferred  to  the  Utah  Biomedical  Test  Laboratory. 
These  tests  are  now  routinely  performed  and  constitute  an  important  part  of 
the  biological  evaluation  of  materials. 
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ABCOR,  INC.  Cambridge,  Massachusetts 

Contract  Amount:  $72,384  Contract  Number:  NIH-71-2047 

MICROFABRIC  SUBSTRATE  DEVELOPMENT 

(Elie  S.  Nuwayser,  p.i . ) 
The  principal  objective  of  this  contract  is  to  develop  microfiber  surfaces 
on  substrate  polymers  for  use  in  cell  culture  and  intimal  lining  development 
for  implantable  cardiovascular  devices.  It  is  recognized  that  thick  intimal 
linings  do  not  get  proper  nourishment  and  one  of  the  major  objectives  of  this 
contract  is  to  prepare  microfiber  scaffold  structures  which  can  be  used  for 
thin  (less  than  50  micron)  intimal  linings.  To  this  end,  microfibers  must  be 
prepared  which  have  the  proper  physical  dimensions  as  well  as  chemical  and 
physical  properties.  During  the  past  year,  the  contractor  has  prepared  micro- 
fiber  structures  from  nylon  66  and  polyester.  These  microfibers  were  attached 
to  tubes  as  well  as  discs.  The  average  diameter  of  the  microfibers  is  about 
one  micron  but  some  filaments  are  as  fine  as  200  millimicrons.  In  addition  to 
preparing  discs  and  tubes  which  are  used  by  other  contractors  for  the  growth 
of  viable  cells,  the  contractor  has  also  successfully  attached  these  micro- 
fiber  structures  to  cardiovascular  devices  such  as  pumps  developed  by  Thermo 
Electron  Corp.  Owing  to  the  nature  of  Abcor's  process,  the  bladders  had  to  be 
fabricated  separately  and  the  microfiber  structures  bonded  without  the  use  of 
adhesives.  In  vitro  and  in  vivo  results  obtained  by  other  contractors  showed 
the  superiority  of  polyester  microfibers  as  contrasted  to  nylons.  However, 
work  which  had  been  carried  out  in  conjunction  with  another  contractor  (Gulf) 
showed  very  promising  results  with  carbon-coated  nylon  microfibers.  Work  is 
currently  in  progress  to  develop  microfibers  from  poly(tetramethylene  tereph- 
thalate)  and  also  from  pure  carbons.  Also,  work  is  under  way  to  use  segmented 
polyurethanes  developed  and  prepared  by  the  Stanford  Research  Institute  for 
the  fabrication  of  bladders  which  will  be  subsequently  used  for  the  attachment 
of  the  microfibers.  These  segmented  polyurethanes  are  expected  to  have  better 
mechanical  properties  than  the  commercial  thermosetting  polyurethanes  used 
previously.  Depending  on  the  in  vitro  and  in  vivo  results  obtained  by  other 
contractors,  it  might  be  possible  to  substitute  carbon  microfibers  for  the 
polyester  types.  It  is  expected  that  this  contract  will  be  continued  since 
it  is  well  integrated  with  the  work  of  two  other  contractors  who  depend  on 
the  availability  of  the  materials. 

A.  D.  LITTLE,  Cambridge,  Massachusetts 

Contract  Amount:  $55,170  Contract  Number:  NIH-73-2916 

DEVELOPMENT  OF  POLYALKYLSULFONES 

(J.  M.  Ketteringham,  p.i.) 
The  major  objective  of  this  contract  which  commenced  in  October, 1972,  is 
to  prepare  oolyalkylsulfone,  homopolymers  and  copolymers  with  monomers  such 
as  vinyl  group-containing  silicones,  unsaturated  amines,  carboxylic  acids, 
hydroxylic  compounds,  and  fluorine-containing  derivatives.  Another  objective 
of  this  contract  is  to  determine  the  mechanical  and  physical  properties  of 
the  above  polymers,  including  gas  permeability  toward  oxygen  and  carbon 
dioxide,  and  to  assess  the  usefulness  of  the  polymers  for  oxygenators  and 
other  medical  devices.  Polyalkylsulfones  are  relatively  new  materials,  and 
can  be  prepared  cheaply.  They  are  soluble  in  a  number  of  organic  solvents 
and,  therefore,  represent  an  interesting  type  of  material  in  our  program. 
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Preliminary  results  indicate  that  good  quality  films  can  be  prepared  which 
have  oxygen  permeability  approximately  that  of  MEM  213  and  carbon  dioxide 
permeability  somewhat  lower  than  MEM  213.  At  the  present  time,  these  particu- 
lar polyalkylsulfones  cannot  be  steam  autoclaved  but  can  be  rapidly  steri- 
lized by  ethylene  oxide.  The  films  are  normally  supported  on  a  network  of 
fibers.  On  the  other  hand,  copolymers  of  the  polyalkylsulfones  can  be  pre- 
pared which  can  be  steam  sterilized,  but  it  remains  to  be  seen  whether  gas 
permeabilities  are  in  an  acceptable  range.  Preliminary  biological  testing 
involving  vena  cava  rings  showed  that  the  polyalkylsulfones  exhibit  fairly 
good  thromboresi stance,  and  other  tests  are  under  way  to  characterize  these 
polymers  more  fully.  The  polyalkylsulfones  may  also  be  applicable  to  other 
uses  than  as  oxygenator  membranes.  This  contract  is  expected  to  continue, 
pending  successful  use  of  these  materials  in  other  laboratories  as  oxygenator 
membranes . 


AVCO  EVEREH  RESEARCH  LABORATORY,  Everett,  Massachusetts 

Contract  Amount:  $70,623  Contract  Number:  NIH-73-2917 

CALORIMETRIC  INVESTIGATIONS  OF  PROTEIN  ADSORPTION  ON  MATERIALS 

(Emery  Nyilas,  p.i .) 
This  contract  was  awarded  in  October,  1972.  The  major  objective  is  the 
investigation  of  the  thermochemical  and  structural  mechanisms  that  are 
involved  in  the  contact  surface  activation  of  native  blood  proteins  and  the 
changes  in  the  biological  functionality  of  these  macromolecules.  In  particu- 
lar, using  four  human  plasma  proteins  based  on  their  non-diffusivity  and  con- 
centration in  blood  (albumin,  fibrinogen,  a  globulin  and  a  lipoprotein),  calori' 
metric  studies  are  being  conducted  to  determine  the  particular  mode  of 
adsorption  of  these  proteins  to  well -characterized  surfaces.  The  initial 
portion  of  the  effort  was  concerned  with  the  design  and  construction  of  a 
microcalorimeter  capable  of  detecting  the  very  small  thermal  changes  which 
are  involved  during  adsorption  of  proteins  on  solid  surfaces.  Work  has  begun 
to  conduct  experiments  with  native  blood  proteins  on  model  adsorbents.  Ad- 
sorption isotherms  were  obtained  with  the  four  plasma  proteins  mentioned  above. 
The  results  indicate  that  the  calorimeter  works  and  that  reproducible  data 
can  be  obtained.  The  results  show  that  the  small  thermal  changes  which 
accompany  the  adsorption  process  can  be  detected.  From  these  measurements, 
calculations  will  be  made  aimed  at  the  conformational  changes  which  take 
place  in  the  proteins  during  adsorption.  These  investigations  are  important 
to  understand  better  the  blood  interaction  with  synthetic  materials.  The  find- 
ings will  be  re-evaluated  late  in  the  contract  year  to  determine  the  need  for 
further  study. 

BATTELLE  MEMORIAL  INSTITUTE,  Columbus,  Ohio 

Contract  Amount:  $46,823  Contract  Number:  PH43-68-649 

DEVELOPMENT  OF  NONTHROMBOGENIC  SURFACES 

(Gerald  A.  Grode,  p.i.) 
The  objective  of  this  contract  is  the  further  refinement  of  the  tridodecyl- 
methyl ammonium  chloride  (TDMAC)-heparinization  process  of  various  polymers  and 
their  physico-chemical  as  well  as  biological  evaluation  in  conjunction  with 
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other  contractors.  It  has  been  determined  that  the  so-called  one-step  heparini- 
zation  process  is  somewhat  more  effective  than  the  so-called  two-step  technique. 
In  the  former,  the  heparin  is  reacted  first  with  the  coupling  agent  to  form  a 
complex  which  is  subsequently  contacted  in  an  organic  solvent  with  a  polymer. 
The  best  results  were  obtained  with  silicone  elastomers.  Attempts  to  reproduce 
the  biological  properties  of  glutaraldehyde-crosslinked  heparin  reported  by 
Swedish  workers  have  been  abandoned.  It  should  be  noted,  however,  that  this 
might  have  been  due  to  the  use  of  an  organic  and  soluble  coupling  agent 
(TDMAC)  in  contrast  to  the  water-soluble  coupling  agent  employed  by  the 
Swedish  workers.  It  is  quite  clear  that  while  heparinized  surfaces  have 
their  place  in  medicine,  they  must  be  used  selectively  in  areas  where  the 
blood  flow  patterns  are  not  turbulent.  If  turbulent  flow  takes  place,  the 
TDf'IAC- heparin  additives  are  not  stable  enough  to  remain  on  the  surface.  Further 
work  on  the  biological  properties  of  TDMAC-heparinized  silicones,  in  the  program 
and  also  by  others,  have  shown  that  some  platelets  did  adsorb  on  the  surfaces. 
In  addition  to  the  TDMAC-heparin  complex,  the  contractor  also  refined  the  use 
of  tricaprylmethyl ammonium  chloride  (TCMAC)-heparin  complex,  which  has  some 
advantages  with  certain  polymers  over  the  TDMAC  process.  In  addition  to  the 
efforts  with  heparin,  the  contractor  has  studied  the  attachment  of  other  bio- 
logically active  molecules  such  as  prostaglandin.  At  the  time  cf  this  writing 
no  definitive  results  are  available.  Because  of  lack  of  evidence  that  heparin- 
ized surfaces  retain  anti-thrombotic  properties  over  prolonged  periods,  there 
is  uncertainty  as  to  whether  this  contract  will  be  renewed. 

BATTELLE  MEMORIAL  INSTITUTE,  Columbus,  Ohio 

Contract  Amount:  $61,545  Contract  Number:  NIH-71-2058 

THE  DEVELOPMENT  OF  INTIMAL  LININGS 

(J.  B.  Boatman,  p.i . ) 
The  main  objectives  of  this  contract  are:  (1)  the  development  of  methodologies 
for  cell  coverage  of  microfabrics  as  double-layered  coatings,  specifically  of 
endothelial  cells  over  fibroblasts;  (2)  the  evaluation  of  new  improved  micro- 
fabric  linings  and  modification  of  these;  and  (3)  the  in  vivo  evaluation  of 
microfabric  surfaces.  A  variety  of  primary  cell  cultures  has  been  prepared 
from  tissues  of  the  adult  sheep  and  calf  such  as  muscle,  aortic  and  venous 
intima,  and  peritoneum.  Two  microfiber  structures  have  been  evaluated  both 
in  vitro  and  in  vivo:  vertically  drafted  parylene-C  coated  polypropylene  micro- 
fibers  and  nonwoven  nylon  surfaces.  The  experiments  included  studies  of  (a) 
cell  growth  and  viability,  (b)  pseudointimal  attachment  and  adherence  on  bare 
surfaces,  and  (c)  degree  and  extent  of  renal  emboli.  It  has  been  found  that 
both  types  of  materials  appear  to  promote  a  more  resilient  and  less  thrombo- 
genic  surface  in  comparison  to  the  bare  surfaces  alone.  Implantations  were 
carried  out  with  tubes  which  were  coated  in  tissue  culture  with  fibroblasts 
and  overcoated  with  intimal  cells  derived  from  the  recipient,  and  surgically 
inserted  into  the  thoracic  aorta  of  calves.  After  7  to  14  days,  the  tubes  were 
removed  and  the  inner  surfaces  examined  by  light  and  electron  microscopy.  Both 
types  of  materials  were  accompanied  by  significant  renal  infarction,  in  con- 
trast to  the  findings  of  another  investigator  who  used  different  techniques. 
The  contract  terminated  in  November,  1972. 
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BATTELLE  MEMORIAL  INSTITUTE,  Columbus,  Ohio 

Contract  Amount:  $42,678  Contract  Number:  NIH-73-2918 

CHEMICAL  AND  TOXICOLOGICAL  STUDIES  OF  HEPARIN  COMPLEXES 

(Gerald  A.  Grode,  p.i.) 
This  contract  was  awarded  in  October,  1972.  The  major  objectives  are  to  carry 
out  physico-chemical  characterizations  of  the  tridodecyl methyl  ammonium  chlo- 
ride (TDMAC)-heparin  and  tricapryl methyl  ammonium  chloride  (TCMAC)-heparin 
complexes  and  to  evaluate  the  toxicological  phenomena  exhibited  by  these 
materials.  It  was  found  that  subcutaneous  needle  implantations  of  both  TDMAC- 
heparin  complex  and  the  TCMAC-heparin  complex  produced  no  general  degenerative 
changes  in  rabbits.  Also,  monitoring  the  serum  protein  levels  of  rabbits  pro- 
duced no  significant  change  in  the  albumin/gamma  globulin  ratio,  indicating  no 
generalized  response  to  a  foreign  body.  Future  work  will  continue  the  toxicity 
studies  and  evaluate  the  tissue  response  of  the  heparin  complexes.  In  particu- 
lar, systemic  toxicity  evaluations  will  also  be  carried  out  using  varying 
quantities  of  heparin  complex  materials.  Initially,  quantities  approaching 
the  lower  levels  of  LD^q  will  be  injected  into  rats,  and  systemic  toxic  effects 
will  be  evaluated.  Quantities  will  then  be  reduced  to  1/10  and  1/100  the 
LDgQ  level  to  determine  lower  level  toxicities. 

CALSPAN  (Formerly  the  Cornell  Aeronautical  Laboratory)  Buffalo,  New  York 
Contract  Amount:  $22,896  Contract  Number:  NIH-73-2953 

STUDIES  ON  ADSORPTION  OF  BLOOD  COMPONENTS  ON  MATERIALS 

(Robert  E.  Baier,  p.i.) 
This  contract  commenced  in  March,  1973.  The  major  objectives  are  to  carry  out 
physico-chemical  investigations  with  well -characterized  surfaces  using  selected 
and  pure  fibrous  proteins  and  polypeptide  analogues  aimed  at  elucidating  the 
configurational  and  conformational  changes  that  occur  during  adsorption.  In 
addition,  under  a  subcontract  to  the  Johns  Hopkins  University  Hospital  (Vincent 
L.  Gott,  M.D.)  animal  implantation  experiments  are  being  carried  out  with  well- 
characterized  materials  to  evaluate  the  time,  sequence,  severity  and  duration 
of  protein  adsorption  on  the  surfaces  of  materials.  It  is  believed  that  this 
work  will  significantly  contribute  to  the  better  understanding  of  blood- 
materials  interactions. 


CARNEGIE-MELLON  UNIVERSITY,  Pittsburgh,  Pennsylvania 

Contract  Amount:  $39,996  Contract  Number:  NIH-73-2949 

Formerly:  PH43-66-977 
DEVELOPMENT  OF  INTERPENETRATING  POLYMER  NETWORKS  AND  RELATED 
BLOOD-COMPATIBLE  MATERIALS 
(Robert  L.  Merker,  p.i.) 
The  objectives  of  this  contract  are  to  develop  and  prepare  pinhole-free 
Y-aminopropyltriethoxysilane  (APTES)-heparinized  silicone  membranes  for  use  in 
oxygenators,  to  evaluate  the  gas  permeability  and  dimensional  stability  of 
these  membranes,  to  develop  and  prepare  hydrophilic  interpenetrating  polymer 
network  systems  using  silicone  elastomers  and  hydrophilic  monomers,  and  to 
investigate  the  properties  of  these  interpenetrating  network  structures  with 
respect  to  physico-chemical  properties,  as  well  as  biological  propensities 
(in  cooperation  with  other  contractors).  The  contractor  has  succeeded  in 
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fabricating  unsupported  silicone  rubber  membranes  in  a  range  of  thicknesses  of 
one  to  two  mils.  It  has  been  determined  that  heparin-coating  does  not  alter 
the  permeability  of  such  membranes  to  oxygen  or  carbon  dioxide.  Techniques 
have  been  developed  which  require  no  solvent  for  heparinizing  silicone 
elastomers,  using  APTES  as  a  coupling  agent.  Preliminary  studies  involving  the 
preparation  of  interpenetrating  polymer  networks  from  silicone  elastomers  and 
various  hydrophilic  monomers  are  promising.  The  contractor  is  currently 
engaged  in  fabricating  flat  sheet  membranes  from  heparinized  silicone  elastomers 
and  from  a  few  selected  interpenetrating  network  structures.  These  membranes 
are  ready  for  evaluation  in  experimental  animals  by  other  contractors.  Renewal 
of  this  contract  will  depend  upon  the  results  of  this  evaluation. 

CLEVELAND  CLINIC  FOUNDATION,  Cleveland,  Ohio 

Contract  Amount:  $11,619  Contract  Number:  NIH-73-2914 

PREPARATION  OF  TEST  SPECIMENS  FROM  BIOLIZED  ELASTOMERS 

(Yukihiko  Nose,  p.i. ) 
This  contract  was  awarded  in  October,  1972.  The  objective  is  the  preparation 
of  biological  test  specimens  from  proteins  and  other  materials  treated  with 
glutaraldehyde  to  produce  chemical  cross-linking.  These  materials  are  to  be 
submitted  to  other  contractors  of  the  DTA  for  biological  evaluation.  In  vivo 
biological  testing  of  vena  cava  and  renal  embolus  test  rings  is  currently  in 
progress  by  other  contractors  of  the  DTA.  No  results  are  as  yet  available. 
Since  it  is  anticipated  that  the  purposes  of  this  contract  will  have  been  com- 
pleted in  the  first  year,  it  is  not  expected  that  there  will  be  need  to  renew 
it. 


COLUMBIA  UNIVERSITY,  New  York  City 

Contract  Amount:  $48,952  Contract  Number:  NIH-73-2910 

STUDIES  OF  INTERACTION  OF  PLATELETS  WITH  SYNTHETIC  MATERIALS 

(Edward  F.  Leonard,  p.i.) 
This  contract  was  awarded  in  August,  1972.  Its  major  objectives  are  to 
develop  standard  procedures  for  controlled  exposure  of  a  special  spinning 
disc  device  to  biological  fluid  aimed  at  the  study  of  several  candidate  bio- 
materials  with  respect  to  platelet  adhesion,  protein  uptake  and  blood  damage. 
The  full  activation  of  this  contract  has  been  postponed  until  May,  1973, 
because  of  the  absence  of  the  principal  investigators  from  the  United  States 
on  sabbatical  leave.  A  small  amount  of  support,  however,  was  made  available 
in  order  to  set  up  the  necessary  equipment  pending  the  full  initiation  of  the 
work  under  the  contract.  It  is  expected,  therefore,  that  this  contract  will 
run  at  least  until  the  expiration  date  of  May  31,  1974. 

FRANKLIN  INSTITUTE  RESEARCH  LABORATORIES,  Philadelphia,  Pennsylvania 

Contract  Amount:  $52,471  Contract  Number:  NIH-71-2017 

INVESTIGATION  OF  THE  PROPERTIES  OF  MICROWAVE  DISCHARGE-GRAFTED  HYDROGELS 

(Harvey  Scott,  p.i . ) 
The  major  objectives  of  this  contract  are  to  investigate  the  physico- 
chemical  properties  of  microwave  discharge-grafted  hydrogels  based  on  poly 
(2-hydroxyethylmethacrylate) ,  abbreviated  as  poly-HEMA,  and  polyacryl amide, 
to  study  the  interaction  of  water  held  within  the  matrix  of  the  hydrogels 
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with  the  polymer  chains  (in  collaboration  with  other  contractors)  and  finally, 
to  perform  limited  service  functions  for  other  contractors.  According  to  our 
biological  evaluators,  the  above-mentioned  hydrogel  materials  are  among  the 
few  syntheti':  materials  which  are  blood-compatible.  These  hydrogel -grafted 
polymers  have  been  used  in  vivo  by  other  contractors  (of  the  DTA,  of  the 
National  Institute  of  Arthritis,  Metabolism,  and  Digestive  Diseases,  and  of 
the  Institute  of  Child  Health  and  Human  Development)  without  heparin,  and 
no  adverse  effects  have  been  detected.  The  data  indicate  that  extreme  care 
must  be  exercised  to  use  the  purest  starting  materials  and  to  adjust  carefully 
the  crossl  inking  density  during  the  grafting  operation.  It  appears  that  the 
interaction  of  water  in  the  matrix  of  the  hydrogel s  is  one  of  the  important 
parameters  to  consider.  Another  parameter  which  is  important  is  the  exis- 
tence of  a  definite  porosity  in  the  hydrogel s  which  gives  rise  to  the  penetra- 
tion of  ions  and  small  molecular  weight  blood  components.  Despite  this 
penetration,  however,  the  two  types  of  hydrogel s  which  have  been  evaluated 
showed  outstanding  blood  compatibility.  The  data  also  showed  that  the  purity 
and  surface  propensity  of  the  substrate  polymers  are  \/ery   important  and 
influence  the  ultimate  performance  of  the  grafted  hydrogel s.  The  current 
work  includes  certain  immunologic  test  procedures  in  conjunction  with  the 
subcontractor  and  nuclear  magnetic  resonance  (NMR)  studies  of  the  Bell  Tele- 
phone Laboratories.  It  is  expected  that  these  latter  areas  will  receive 
vigorous  emphasis  in  the  future. 

GULF  OIL  CORPORATION,  San  Diego,  California 

Contract  Amount:  $75,081  Contract  Number:  NIH-73-2921 

ION  PLATING  OF  CARBONS  ON  SYNTHETIC  POLYMERS 

(Donald  Snowden,  Charles  H.  Meyer,  p.i.) 
The  objective  of  this  contract  is  to  investigate  ion-plating  techniques  for 
the  deposition  of  thin  carbon  films  onto  polymeric  substrates,  to  evaluate 
the  physico-chemical  properties  of  the  composite  materials,  and  to  study  the 
biological  propensities  of  these  materials  in  cooperation  with  other  contractors 
of  the  DTA.  This  contract  differs  from  Gulf's  Contract  NIH-73-2954  (below) 
inasmuch  as  the  use  of  ion-plating  techniques  gives  rise  to  different  carbon 
structures.  Furthermore,  this  technique  allows  the  coating  of  complex 
shaped  devices  since  the  deposition  technique  causes  the  uniform  deposition 
of  carbon  in  crevices  and  other  areas  of  devices.  The  ratio  of  coating  thick- 
ness on  surface  in  line  of  sight  from  the  source  and  on  those  shielded  from 
the  source  is  much  nearer  unity  for  carbon  than  for  heavy  elements  such  as 
tungsten,  which  the  contractor  had  deposited  previously.  Successful  results 
were  obtained  to  deposit  carbon  structures  onto  polyethylene  without  cracks. 
The  crystal lographic  structure  of  the  ion-plated  carbons  is  quite  different 
from  the  carbon  structures  obtained  by  vacuum  vapor  deposition  procedures. 
Since  it  is  important  to  understand  why  certain  carbons  are  blood-compatible 
while  others  are  not,  it  is  necessary  to  compare  selected  carbon  structures 
both  from  the  point  of  view  of  physico-chemical  properties  and  biological 
performance.  It  is  likely  that  the  two  Gulf  contracts  will  be  combined,  which 
will  simplify  administrative  supervision  and  also  permit  some  reduction  in 
funding.  Nevertheless,  it  is  anticipated  that  the  further  development  of 
carbon-coating  techniques  of  flexible  polymeric  substrates  will  continue. 
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GULF  OIL  CORPORATION,  San  Diego,  California 

Contract  Amount:  $48,432  Contract  Number:  NIH-73-2954 

Formerly:  PH43-67-1411 
VACUUM  VAPOR  DEPOSITION  OF  CARBONS  ON  SYNTHETIC  POLYMERS 

(Donald  Snowden,  Charles  H.  Meyer,  p.i.) 
The  primary  objective  of  this  contract  is  the  development  of  techniques  using 
vacuum  vapor  deposition  techniques  for  the  preparation  of  flexible  carbon  films 
on  polymer  substrates  and  the  determination  of  the  relevant  structural  and 
mechanical  properties  of  the  resultant  components,  ^ery   high  modulus  segmented 
polyurethane  and  si li cone-polycarbonate  copolymers  have  been  shown  to  be  suit- 
able substrates  for  deposited  carbon  films.  The  experimental  results  indicate 
that  the  carbon  structures  are  extremely  sensitive  to  annealing  temperatures. 
Electron  diffraction  studies  indicate  that  a  vacuum  vapor  deposited  film  ex- 
hibits a  turbostratic  structure  with  a  high  degree  of  preferred  orientation 
for  a  thick  carbon  deposit.  Young's  modulus  is  approximately  12  x  10"  psi , 
and  the  average  modulus  of  rupture  is  about  82,000  psi.  The  contractor  has 
succeeded  in  carbon-coating  a  number  of  materials  including  nonwoven  micro- 
fiber  structures.  Work  by  other  contractors  has  shown  that  the  carbon-coated 
microfibers  promote  the  growth  of  fibroblastic  and  endothelial-like  cells  and 
that  these  cells  attach  firmly  to  the  carbon  coatings.  In  vivo  data  with 
vena  cava  and  renal  embolus  test  rings  are  being  collected.  Although  early 
results  were  not  uniform  due  to  the  experimental  nature  of  the  test  rings, 
latest  results  give  rise  to  optimism.  For  example,  when  using  high  modulus 
substrate  polymers  such  as  segmented  polyurethanes,  and  with  autoclaved 
implant  rings,  there  has  been  essentially  no  thrombus  formation  on  a  few  rings. 
Due  to  the  unique  carbon  deposition  process  utilizing  flexible  polymer  sub- 
strates, this  work  should  lead  to  the  development  of  blood-compatible  flexible 
carbon  composites.  The  relevant  problems  encountered  during  the  investigations 
indicate  that  the  work  should  be  continued. 

HOSPITAL  FOR  SICK  CHILDREN,  Toronto,  Canada 

Contract  Amount:  $37,919  Contract  Number:  NIH-73-2911 

THERMODYNAMIC  STUDIES  OF  PLATELET/SURFACE  INTERACTIONS 

(Walter  Zingg,  p.i . ) 

(A.  W.  Neumann,  p.i.)  u.^.ersity  of  Toronto 
(C  A.  Ward,  p.i.   '        -^ 
This  contract  was  awarded  in  September, 1972.  The  main  objectives  are: 

(1)  reinterpretation  of  the  contact  angle  data  for  selected  biomaterials, 

(2)  investigation  of  ideal  systems  prepared  from  selected  candidate  materials 
by  vapor  phase  deposition,  (3)  carrying  out  of  platelet  adhesion  studies  for 
the  surfaces  described  in  (2)  and  correlating  these  with  surface-free  energies, 
and  (4)  investigation  of  proteinated  surfaces  using  well -characterized 
materials.  A  new  thermodynamic  equation  has  been  derived  to  correlate  surface 
free  energy  terms  with  contact  angle  measurements.  This  expression  takes  into 
account  the  dispersion  forces  which  are  not  accounted  for  in  the  usual 
critical  surface  tension  values.  A  special  cell  was  constructed  which  permits 
the  precise  measurements  of  the  interaction  between  platelets  and  well  charac- 
terized surfaces.  Consequently,  a  thermodynamic  approach  for  platelet  adsorp- 
tion onto  polymeric  surfaces  is  being  developed.  While  it  is  clear  that  in 
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the  actual  physiological  environment  the  platelets  come  in  contact  with  pro- 
teinated  surfaces  rather  than  the  pure  synthetic  surfaces,  the  new  approach  is 
the  first  step  to  a  better  understanding  of  the  interaction  between  blood  com- 
ponents and  surfaces.  It  is  expected  that  this  contract  will  continue. 

JET  PROPULSION  LABORATORY 
(California  Institute  of  Technology),  Pasadena,  California 
Contract  Amount:  $68,664  Reimbursable  Agreement 

PHYSICAL  AND  MECHANICAL  PROPERTIES  OF  POLYMERS  IN  THE  BIOLOGICAL  ENVIRONMENT 

(Jovan  Moacanin,  p.i.) 
This  reimbursable  agreement  commenced  in  October,  1972.  The  main  objective 
is  to  establish  the  long  term  bulk  and  surface  characteristics  of  polymeric 
materials  used  for  cardiac  and  pulmonary  devices.  This  includes  creep  and 
dynamic  fatigue  studies,  swelling  measurements  and  surface  texture  studies  by 
scanning  electron  microscopy  and  contact  angle  measurements.  The  initial  work 
focused  on  the  segmented  polyether-urethanes  developed  and  prepared  by  the 
Stanford  Research  Institute.  In  particular,  a  mathematical  relationship 
recently  published  by  others  for  crossl inked  elastomers  will  be  tested  as  to 
applicability  for  segmented  polyurethanes.  It  should  be  noted  that,  in 
contrast  to  the  commonly  known  crossl inked  elastomers,  segmented  polyurethanes 
do  not  have  covalent  crosslinks  but  derive  their  elastomeric  nature  from  the 
interaction  of  the  hard  and  soft  domains  in  the  polymer.  It  has  been  found 
also  that  solvent  casting  of  segmented  polyurethanes  must  be  carefully  con- 
trolled as  to  the  evaporation  of  the  solvent  because  otherwise  birefringent 
areas  can  be  detected  under  the  polarizing  microscope.  Such  birefringent 
areas  will  influence  the  ultimate  mechanical  performance  of  the  polymers.  It 
has  been  shown  also  that  the  so-called  solubility  parameter  of  segmented  poly- 
urethanes is  such  that  blood  lipids  from  cholesterol  would  not  be  likely  to  be 
absorbed.  This  is  in  contrast  to  the  well-known  phenomenon  in  the  case  of 
silicone  elastomers.  It  is  clear  that  one  has  to  consider  the  total  picture 
of  mechanical  performance  as  well  as  surface  effects  when  dealing  with  blood 
compatibility.  This  effort  of  the  Jet  Propulsion  Laboratory  is  an  important 
part  of  the  overall  effort  of  the  biomaterials  program.  Consequently,  it  is 
expected  that  it  will  be  continued. 

JOHNS  HOPKINS  UNIVERSITY,  Baltimore,  Maryland 

Contract  Amount:  $33,336  Contract  Number:  PH43-68-84 

IN  VIVO  SCREENING  OF  POTENTIAL  THROMBORESISTANT  MATERIALS 

(Vincent  L.  Gott,  p.i. ) 
During  the  past  several  years  the  contractor,  in  association  with  the  Cornell 
Aeronautical  Laboratories  (now  called  Calspan)  has  evaluated  a  large  number  of 
materials  for  the  DTA.  This  included  the  standard  vena  cava  ring  test  in  dogs 
and  the  measurement  of  critical  surface  tensions  of  the  materials  before  and 
after  implantation.  It  has  been  shown  that  most  materials  do,  in  fact,  become 
coated  with  proteins  shortly  after  implantation,  and  these  protein  layers  bear 
significant  roles  in  the  subsequent  blood  compatibility  of  the  materials. 
During  this  year  the  vena  cava  ring  test  has  been  transferred  to  the  Utah 
Biomedical  Test  Laboratories  and  hence,  this  contract  was  terminated. 
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NATIONAL  BUREAU  OF  STANDARDS,  Washington,  D.  C. 

Contract  Amount:  $50,000  Reimbursable  Agreement 

INTERACTION  OF  PLASMA  PROTEINS  WITH  SYNTHETIC  SURFACES 

(Robert  R.  Stromberg,  p.i.) 
This  work  started  in  September,  1972^and  involves  a  50%  cost  sharing  between  the 
National  Bureau  of  Standards  and  the  NHLI.  The  main  objective  of  this  V7ork 
is  to  study  on  a  molecular  basis  the  interactions  that  occur  between  the  com- 
ponents of  blood  and  the  surface  of  synthetic  materials.  In  particular, 
ellipsometry,  infrared  spectroscopy  and  radiotracer  techniques  are  being  used 
to  elucidate  the  effect  of  adsorption  of  proteins,  and  the  rates  =ind  amount  of 
adsorption  and  desorption  of  individual  proteins.  Investigations  were  con- 
ducted with  serum  albumin  and  prothrombin.  Preliminary  data  suggest  that  the 
amount  of  a  given  protein  that  is  adsorbed  is  relatively  independent  of  the 
surface  energy.  On  the  other  hand,  the  dimensions  of  the  adsorbed  molecules 
apparently  increase  with  decreasing  surface  energy.  Further  work  is  in 
progress.  This  reimbursable  agreement  is  expected  to  continue. 

NORTH  STAR  RESEARCH  &  DEVELOPMENT  INSTITUTE,  Minneapolis,  Minnesota 

Contract  Amount:  $54,010  Contract  Number:  NIH-71-2364 

DEVELOPMENT  OF  ULTRA-THIN  FIBERS  AND  POLYMERS  FOR  OXYGENATORS  AND 
CARDIOVASCULAR  DEVICES 

(R.  J.  Petersen,  L.  T.  Rozelle,  p.i.) 
The  main  objective  of  this  contract  is  the  preparation  and  development  of 
ultra-thin  films  for  possible  use  in  oxygenators  based  on  poly  (3,3,3-trifluo- 
ropropylmethylsiloxane)  fluorinated  methyl-  and  ethylcellulose,  and  copolymers 
of  sulfur  dioxide  with  fluoroolefins.  It  is  recognized  that  not  all  of  these 
materials  will  have  equal  success,  both  with  respect  to  preparation  and  proper- 
ties. The  best  results  were  obtained  with  fluorinated  ethylcellulose.  The 
gas  permeability  of  this  material  towards  oxygen  and  carbon  dioxide  compares 
favorably  with  that  of  MEM-213  used  in  the  Dow  Chemical  hollow  fiber  oxygenator. 
In  addition  to  the  gas  permeability  data,  both  the  vena  cava  and  the  renal 
embolus  test  rings  showed  this  polymer  to  have  most  promising  thromboresi st- 
ance. Consequently,  it  is  planned  to  prepare  sufficient  quantities  of  this 
material  for  evaluation  in  an  oxygenator  which  can  accommodate  flat  sheets. 
Based  on  the  results  of  these  experiments,  a  decision  will  be  made  as  to  the 
renewal  of  this  contract. 


POLYSCIENCES,  INC.,  Warrington,  Pennsylvania 

Contract  Amount:  $67,866  Contract  Number:  PH43-66-1124 

PROPERTIES  OF  CHEMICALLY  GRAFTED  HYDROGELS 

(B.  David  Halpern,  p.i.) 
The  main  objective  of  this  contract  is  to  carry  out  thorough  physico-chemical 
characterization  of  polyacrylamide  hydrogels  chemically  grafted  on  to  appro- 
priate polymeric  substrates.  This  work  includes  the  measurement  of  surface 
uniformity,  coating  thickness,  extent  of  crosslinking,  equilibrium  swelling  in 
water  and  in  human  plasma,  and  the  detection  of  trace  quantities  of  eerie  ions 
which  might  be  left  in  the  material  as  the  result  of  the  synthesis.   The 


TA-18 


materials  which  were  successfully  grafted  included  segmented  polyether-ure- 
thanes  from  the  Stanford  Research  Institute  and  MEM-213  (a  copolymer  of  poly- 
dimethyl  si  loxane  and  polycarbonate)  used  in  the  Dow  Chemical  hollow  fiber  oxy- 
genator. The  graft  thickness  ranged  between  one  and  approximately  16  microns. 
Apparently,  the  optir^ium  thickness  is  approximately  3  microns.  Using  fluores- 
cein-labclled  serum  proteins,  it  was  shown  that  some  labelled  proteins  did  in 
fact  penetrate  the  polyacrylamide  hydrogel .  The  amount  of  protein  which  might 
be  adsorbed  was  too  small  to  be  detectable  by  this  technique.  It  has  been 
established  also  that  the  grafted  polyacrylamide  swells  to  its  maximum  value 
in  about  15  minutes.  Due  to  the  chemical  nature  of  the  grafted  hydrogel,  care 
must  be  taken  not  to  let  the  material  dry  out  and  it  must  be  shipped  in  wet  con- 
dition. Future  studies  will  include  investigations  of  protein  adsorption 
using  gamma  globulins,  fibrinogen  and  albumin,  and  various  chemical  treatments 
will  be  carried  out  in  an  attempt  to  bind  cerium  in  order  to  lower  concentra- 
tion of  it  in  the  hydrogel.  To  attain  this  objective,  neutron  analysis  will  be 
carried  out.  In  vivo  results  with  the  above  hydrogel  materials  involving  vena 
cava  and  renal  embolus  test  rings  showed  that  the  materials  exhibit  good 
thromboresi stance  although  the  total  biological  performance  was  somewhat  less 
favorable  than  in  the  case  of  the  microwave  discharge-grafted  hydrogels  by 
another  contractor.  Nevertheless,  the  availability  of  a  chemical  technique  is 
desirable  in  the  case  of  complex  devices  such  as  hollow  fiber  oxygenators.  It 
is  expected  that  this  contract  will  continue. 

PROVIDENCE  HOSPITAL,  Seattle,  Washington 

Contract  Amount:  $89,608  Contract  Number:  NIH-71-2060 

DEVELOPMENT  OF  INTK^L  LININGS 

(Peter  B.  Mansfield,  p.i.) 
The  objectives  of  this  contract  are  to  develop  techniques  to  seed  microfiber 
substrate  structures  with  fibroblasts  and  endothelium-derived  cell  lines  from 
bovine  sources  and  to  characterize  these  cells  with  respect  to  adhesion  to 
the  substrates  and  growth.  A  further  objective  of  the  contract  is  to  study 
the  fibrinolytic  activity  of  the  above  cell  lines  and  the  surface  reaction 
to  platelets.  Essentially,  three  types  of  microfiber  structures  were  used: 
those  obtained  from  Abcor,  Incorporated,  consisting  of  nylon  and  polyester 
materials,  those  obtained  from  Union  Carbide  Corporation  consisting  of  pary- 
lene-C-coated  polypropylene  microfibers,  and  carbon-coated  microfibers  ob- 
tained from  Gulf.  Endothelial-like  cells  have  been  successfully  grown  on  the 
microfibers;  this  represents  an  important  advance  since  previously  no  suc- 
cessful growth  of  endothelial-like  cells  had  been  reported  by  others.  Further 
evaluation  is  needed  to  determine  the  functional  capabilities  of  these  cells. 
With  respect  to  fibroblasts  which  have  been  derived  from  granulation  tissue 
sources  from  calf  and  man,  it  has  been  found  that  human  fibroblasts  adhere 
better  to  the  microfiber  substrates  than  fibroblasts  obtained  from  the  calf. 
Human  fibroblasts  are  larger,  however,  and  do  not  penetrate  the  microfiber 
surfaces  as  well  as  those  obtained  from  the  calf.  No  difference  was  found  in 
fibrin  deposition,  distal  embolic  phenomena,  and  the  performance  of  prostheses. 
The  circulating  blood  elements  were  not  affected  by  any  of  the  surfaces 
studied.  Future  work  will  include  the  thorough  characterization  of  the  endo- 
thelial-like cells,  in  vivo  evaluation  of  these  with  blood  pumps,  and  the 
evaluation  of  hydrogel -grafted  microfibers  in  vivo.  It  is  expected  that  this 
contract  will  be  renewed. 
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RESEARCH  TRIANGLE  INSTITUTE,  Research  Triangle  Park,  North  Carolina 

Contract  Amount:  $55,773  Contract  Number:  NIH-73-2913 

STUDY  OF  ELECTRODELESS  DISCHARGE  TECHNIQUES  AS  A  MEANS  OF  MODIFYING  SURFACES 
OF  POLYMERS 

(H.  Yasuda,  p.i.) 
This  contract  was  awarded  in  October,  1972.  The  main  objective  is  to  carry 
out  investigations  on  electrodeless  glow  discharge  techniques  aimed  at  modify- 
ing surface  propensities  of  polymers  to  improve  blood  compatibility.  The 
substrate  polymers  which  are  being  investigated  include  polydimethylsilox- 
ane,  polyethylene,  porous  polysulfone,  and  segmented  polyether  urethanes  (pre- 
pared by  the  Stanford  Research  Institute).  Using  a  simplified  equation  to 
determine  the  critical  surface  tensions,  it  was  shown  that  the  wettability  of 
surfaces  can  be  markedly  changed  by  glow  discharge  treatment,  even  without  the 
use  of  monomers.  On  the  other  hand 3  pure  monomers  can  be  easily  and  repro- 
ducibly  attached  to  the  surface  of  a  variety  of  substrate  polymers  to  form  a 
unifonn  coating  of  crossl inked  and  polymerized  monomers.  This  technique  thus 
opens  up  an  elegant  way  to  modify  the  surface  propensities  of  various  pol^Tners 
without  changing  the  mechanical  properties.  In  addition  to  preparing  such 
modified  structures,  investigations  are  being  carried  out  to  characterize  the 
surfaces  with  regard  to  degree  of  crossl inking,  thickness  of  the  grafted  poly- 
mers and  wettability.  Future  work  will  concentrate  on  the  use  of  techniques 
such  as  optical  microscopy,  transmission  and  electronmicroscopy,  ellipsometry, 
and  electron  spin  resonance.  It  is  expected  that  this  contract  will  be 
continued. 


STANFORD  RESEARCH  INSTITUTE,  Menlo  Park,  California 

Contract  Amount:  $93,302  Contract  Number:  NIH-73-2959 

Formerly:  PH43-64-84 
DEVELOPMENT  OF  BLOOD  COMPATIBLE  POLYMERS  HAVING  IMPROVED  MECHANICAL  PROPERTIES 

(Sharon  Brauman,  p.i.) 
Major  objectives  of  this  contract  are  the  preparation  and  optimization  of 
the  physico-chemical  properties  of  segmented  polyether-urethanes  having 
improved  blood  compatibility,  the  development  of  hydrophilic  polyether-ure- 
thanes, sulfonated  polystyrenes  and  sulfonated  polyurethanes,  and  the  develop- 
ment of  fabrication  techniques  such  as  solvent  casting  and  dip  molding  for  the 
use  of  the  segmented  polyether-urethanes  in  cardiovascular  devices.  Earlier 
the  contractor  succeeded  in  fabricating  prototype  intra-aortic  balloons  using  a 
multi-stage  wax  process.  This  process  was  transferred  subsequently  to  Tecna 
Corporation.  Recently,  the  contractor  successfully  demonstrated  the  feasibility 
of  applying  spray-coating  technology  for  the  fabrication  of  heart  assist 
bladders,  such  as  the  Teco  Model  VI  blood  pump.  In  cooperation  with  the  Jet 
Propulsion  Laboratory,  the  contractor  is  now  supplying,  routinely,  bladders  made 
from  segmented  polyurethanes,  thus  superseding  the  previously  used  Nichols 
Engineering  Company's  polyurethanes.  The  segmented  polyurethanes  show  excel- 
lent mechanical  performance  and  good  blood  compatibility.  Theoretical  con- 
siderations predict  that  the  segmented  polyurethanes  would  be  better  candidates 
for  long-term  flexing  conditions  in  blood  than  thermosetting  commercial  poly- 
urethanes. The  contractor  is  also  supplying  quantities  of  this  material  to 
other  contractors  of  the  DTA.  Among  alternate  polymers  investigated,  sulfonated 
polystyrenes  showed  excellent  blood  compatibility.  These  materials  can  be  used 
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as  coatings  for  other  polymers.  Work  is  under  way  also  to  develop  castable 
polyurethanes.  There  is  a  strong  collaboration  between  Stanford  Research 
Institute,  the  Jet  Propulsion  Laboratory,  and  Thermo  Electron  Corporation  to 
develop  flocked  surfaces  and  to  carry  out  physico-chemical  measurements  aimed 
at  predicting  the  ultimate  performance  of  the  segmented  polyurethanes  in  the 
biological  environment.  Future  work  will  increasingly  emphasize  this  area. 
It  is  expected  that  this  contract  will  continue. 

STATE  UNIVERSITY  OF  NEW  YORK,  Brooklyn,  New  York 

Contract  Amount:  $40,688  Contract  Number:  PH43-68-75 

ELECTROCHEMICAL  STUDIES  OF  BLOOD  COAGULATION 

(P.  M.  Sawyer,  S.  Srinivasan,  p.i.) 
The  objectives  of  this  contract  are  to  examine  the  electrochemical  reactions 
of  fibrinogen  at  a  platinum  electrode  solution  interface,  to  study  the  extent 
of  thrombin  activity  by  the  electrochemical  sensitization  of  prothrombin,  and 
to  examine  the  influence  of  anticoagulants  and  fibrinolytic  agents  on  the 
electrochemical  behavior  of  fibrinogen  and  prothrombin.  To  examine  the  effect 
of  the  anodic  and  cathodic  electron  transfer  reactions  on  coagulability  of 
fibrinogen,  a  highly  purified  fibrinogen  was  subjected  to  cathodic  and  anodic 
treatments  by  potentiostatic  control  of  a  platinized  platinum  electrode.  The 
initial  fibrinogen  level  was  determined  using  thrombin  time.  In  other  experi- 
ments a  constant  current  was  passed  through  the  fibrinogen  solution  for  30 
minutes.  It  has  been  found  that  cathodic  treatment  at  either  constant  poten- 
tial or  constant  current  extends  significantly  the  coagulation  time  in  compari- 
son with  controls.  There  are  no  corresponding  significant  degrees  in  fibrino- 
gen level,  which  implies  that  the  degrees  in  coagulability  are  most  likely  not 
due  to  a  decreased  level  of  fibrinogen.  It  is  possible  that  some  modification 
involving  the  site  of  polymerization  of  fibrinogen  may  be  affected  by  electro- 
chemical treatment,  or  this  treatment  might  cause  the  rupture  of  some  peptide 
bonds,  thus  releasing  degradation  products.  Although  these  investigations  by 
necessity  use  individual  blood  coagulation  factors,  the  studies  are  important 
to  understand  better  the  reactions  involved  in  blood  coagulation.  Because  of 
the  need  for  this  kind  of  activity  for  the  support  of  the  development  of  blood 
compatible  materials,  this  contract  is  expected  to  continue. 

THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $67,080  Contract  Number:  NIH-73-2915 

DEVELOPMENT  OF  FLOCKED  SURFACES 

(Walter  Bornhorst,  p.i.) 
In  the  view  of  many  investigators,  thin  flocked  surfaces  can  provide  far 
better  nourishment  to  the  neointimal  lining  than  thick  flocked  surfaces.  The 
objectives  of  this  contract  are  to  develop  a  process  aimed  at  obtaining  poly- 
ester flocking  material  with  dimensions  in  the  range  of  0.1  to  0.3  mils  in 
diameter  and  1  to  3  mils  in  length,  to  modify  the  presently  used  flocking 
procedure  so  as  to  be  practical  with  substrates  composed  of  segmented  poly- 
urethanes (developed  by  the  Stanford  Research  Institute),  and  to  measure  the 
critical  mechanical  parameters  which  characterize  the  flex  fatigue  life  of 
the  bladders  and  the  flocked  surfaces.  After  considerable  preliminary  experi- 
mentation, the  choice  seems  to  be  centered  around  the  use  of  specially  spun 
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thin  denier  fibers  on  a  subcontract  (Fabric  Research  Laboratories),  followed 
by  cutting  the  fibers  by  a  specially  designed  and  semi -automated  microtome. 
Polyester  flocking  material  was  successfully  applied  without  adhesives  to 
new  bladders  made  from  segmented  polyether-urethanes  by  the  Stanford  Research 
Institute  and  the  Jet  Propulsion  Laboratory.  Long-term  mechanical  evaluation 
is  currently  in  progress  in  collaboration  with  SRI  and  JPL  to  determine  the 
flex  fatigue  life  of  the  bladders  in  the  biological  environment  and  the  uni- 
formity and  thickness  of  the  flocked  surfaces.  It  is  expected  that  this 
contract  will  be  continued  subject  to  budgetary  considerations. 

UNION  CARBIDE,  Bound  Brook,  New  Jersey 

Contract  Amount:  $111,455  Contract  Number:  PH43-68-1388 

DEVELOPMENT  OF  MICROFIBERS  FOR  INTIMAL  LININGS. 

(William  F.  Beach,  p.i . ) 
The  objective  of  this  contract  is  to  prepare  microfibers  from  parylene-C 
coated  polypropylene  which  are   subsequently  made  wettable  by  microwave  dis- 
charge treatment.  A  close  interaction  has  been  maintained  with  a  number  of 
other  contractors,  namely  the  Franklin  Research  Institute  Laboratories,  the 
Research  Triangle  Institute,  the  Stanford  Research  Institute,  University  of 
Michigan,  and  Providence  Hospital.  Bladders  furnished  by  the  Stanford  Research 
Institute  and  the  Jet  Propulsion  Laboratory  are  being  used  for  the  attachment 
of  the  polypropylene  microfibers  and  then  forwarded  to  other  contractors  for 
biological  work.  The  parylene-C  coated  polypropylene  microfibers  which  have 
been  treated  by  microwave  techniques  proved  to  be  excellent  materials  for  the 
growth  of  fibroblastic  and  endothel ial-like  cells.  This  approach  therefore 
provides  an  alternate  to  flocked  surfaces.  Since  the  contractor's  work  is 
interlinked  with  the  work  of  others,  it  constitutes  an  important  part  of  the 
overall  biomaterials  program.  Future  work  will  emphasize,  among  others,  the 
physico-chemical  variables  which  are  involved  in  the  adhesion  and  growth  of 
cells  on  parylene-C  coated  polypropylene  microfibers.  It  is  expected  that 
this  work  will  be  continued. 


UNION  CARBIDE,  Bound  Brook,  New  Jersey 

Contract  Amount:  $43,280  Contract  Number:NIH-73-2950 

Formerly:  NIH-71-2067 
DEVELOPMENT  OF  POLYELECTROLYTES  ' 

(George  T.  Kwiatkowski,  p.i.) 
The  major  objectives  of  this  contract  are  to  refine  and  optimize  the  high  energy 
radiation  graft  coating  techniques  at  low  dose  rates  to  bond  covalently  poly- 
electrolyte  hydrogels  to  polypropylene  and  segmented  polyether-urethanes  (SRI); 
to  define  the  optimum  blood  compatibility  of  grafted  polyelectrolytes  based  on 
(a)  vinyl  acetate/2%  crotonic  acid  and  (b)  vinyl  prol idone/acrylic  acid  with 
respect  to  the  coating  thickness,  degree  of  crosslinking,  leachable  impurities, 
equilibrium  water  uptake,  stability  to  hydrolysis,  and  stability  in  the  bio- 
logical environment;  and  finally,  to  graft-coat  devices  such  as  bladders  made 
from  SRI's  segmented  polyether-urethanes,  polyester  microfibers  (Abcor)  and 
polypropylene  microfibers  (Union  Carbide)  with  selected  polyelectrolytes. 
Currently,  thorough  biological  evaluations  are  in  progress  with  both  vena  cava 
and  renal  embolus  test  rings.  It  is  hoped  that  the  biological  tests  will 
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identify  the  optimum  neutralization  levels  and  composition  of  some  of  the  poly- 
electrolytes  for  the  attainment  of  a  high  degree  of  blood  compatibility.  In 
any  case,  the  use  of  low  dose  rates  of  high  energy  radiation  permits  a  covalent 
attachment  of  preformed  polyelectrolytes  for  appropriate  substrate  polymers. 
It  remains  to  be  see.i  how  this  approach  compares  with  microwave  discharge  tech- 
niques developed  by  other  contractors  of  DTA.  Future  work  depends  on  evalua- 
tion of  the  biological  test  results. 

UNIVERSITY  OF  CALIFORNIA  AT  BERKELEY,  Berkeley,  California 

Contract  Amount:  $15,496  Contract  Number:  NIH-73-2952 

Formerly:  NIH-73-2001 
STUDIES  ON  SHEAR-INDUCED  HEMOLYSIS 

(Michael  C.  Williams,  p.i.) 
This  contract  started  in  October,  1972.  The  major  objective  is  to  study  the 
shear-induced  time-dependent,  mechanical  hemolysis  which  occurs  when  whole 
human  blood  is  exposed  to  shear  between  rotating  discs.  These  discs  are  to  be 
fabricated  from  well -characterized  materials  of  interest  to  the  DTA.  These 
include  low- temperature  isotropic  (LTI)  carbons,  grafted  hydrogels,  segmented 
polyether-urethanes,  and  heparinized  and  non-heparinized  polydimethylsiloxanes. 
The  results  obtained  thus  far  indicate  that  cone  geometries  exhibit  no  sensi- 
tivity to  surface  character  of  the  materials.  They  represent  not  a  disc/blood 
contact  effect  but  rather  a  combination  of  air/blood  and  reservoir/blood  effects 
(including  foaming)  which  should  be  nearly  independent  of  the  disc  material. 
There  is  apparently  a  possibility  that  the  results  were  influenced  by  the 
presence  of  air  entrainment.  In  any  case,  the  geometry  of  devices  is  a  very 
important  consideration  of  shear-induced  hemolysis.  It  is  apparent  that  a 
great  variety  of  geometries  and  procedures  have  been  used  in  exploring  hemolysis 
but  no  two  groups  seem  to  use  the  same  set  of  experimental  procedures  and,  there- 
fore, there  is  a  danger  that  the  problems  such  as  the  one  encountered  above  may 
have  a  severely  misleading  effect  on  reports  in  the  literature.  It  is  expected 
that  this  contract  will  be  continued. 


UNIVERSITY  OF  MICHIGAN,  Ann  Arbor,  Michigan 

Contract  Amount:  $80,866  Contract  Number:  NIH-71-2054 

DEVELOPMENT  OF  MULTIPLE-LAYERED  INTIMAL  LININGS  BY  PERFUSION  CULTURE 

(Raymond  H.  Kahn,  p.i.) 
The  main  objective  of  this  contract  is  to  develop  in  vitro  tissue  coverings  of 
a  variety  of  microfiber-lined  test  samples  of  increasing  complexity,  such  as 
flat  sheets,  the  internal  surface  of  implant  tubes,  and  the  internal  surface 
of  blood  pump  bladders.  Perfusion  cell  culture  techniques  rather  than  sta- 
tionary cultures  are  being  used.  Two  human  cell  sources  are  employed  for  the 
intimal  lining  studies:  WI-126  and  Buffy  coat  from  human  donors.  Experiments 
are  conducted  on  the  critical  mass  necessary  to  seed  devices  rapidly,  methods 
of  stimulating  cell  deposition,  adherence  to  different  materials,  and  cellular 
propagation.  In  addition  to  these,  parallel  studies  are  being  performed  with 
fibroblasts  and  endothelial  cells,  and  with  a  combination  of  these.  The 
fibroblasts  and  endothelial  cells  are  .derived  from  calves,  since  these  are  the 
animals  used  for  the  in  vivo  experiments  performed  by  other  collaborating  con- 
tractors in  the  effort  to  develop  intimal  linings.  Increased  attention  has 
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been  focused  on  the  development  of  techniques  to  derive  autologous  cells. 
These  autologous  cells  may  be  derived  from  3  basic  tissue  sources:  (a)  endo- 
thelium, which  is  surgically  removed  from  the  vein,  (b)  human  skin  derived  in 
the  course  of  dermatological  studies,  (c)  cell  cultures  derived  from  the 
urethra  and/or  the  bladder.  The  results  with  the  epidermis  have  been  most 
encouraging.  It  has  been  found  that  these  cells  proliferate  rapidly  and  have 
been  subcultured  several  times.  When  seeded  on  discs  and  on  tubes,  these 
cells  easily  penetrate  the  microfibers,  form  several  layers,  and  within  6  days 
display  an  almost  smooth  surface.  They  are  compatible  with  the  same  micro- 
fibers  as  the  WI-38  cells  used  in  previous  studies.  Future  work  will  increas- 
ingly emphasize  the  use  of  endothel ial-like  cells  with  various  microfibers 
to  perfect  the  perfusion  culture  technique.  It  is  expected  that  this  contract 
will  continue. 


UNIVERSITY  OF  UTAH,  Salt  Lake  City,  Utah 

Contract  Amount:  $43,389  Contract  Number:  NIH-73-2912 

DEVELOPMENT  OF  ELASTOMERIC  POLYPROPYLENE 

(W.  D.  Statton,  p.i.) 
This  contract  was  awarded  in  October,  1972.  The  objectives  are  to  study  the 
physico-chemical  and  mechanical  properties  of  a  new  class  of  "springy"  poly- 
propylene fibers  which  have  a  unique  combination  of  properties  such  as  high 
moduli  and  elastic  recovery  from  large  extension.   In  particular,  studies  are 
being  conducted  to  determine  the  force-extension-recovery-hysteresis  results 
by  Instron  testing  at  varying  extension  rates,  to  determine  the  changes  in 
the  above  with  repeated  cycling,  to  learn  about  fatigue  limits,  to  determine 
the  thermal  sensitivity  limits  for  the  recovery  behavior,  to  determine  the 
changes  in  surface  morphology,  and,  finally,  to  determine  the  resistance  to 
abrasion  and  wear.  To  date,  samples  of  the  above  "springy"  polyprepylene  have 
been  made  in  multifilament  yarn,  and  films  and  measurements  have  been  made  to 
test  several  mechanical  properties  of  these  materials  in  the  dry  and  wet  states. 
The  wet  testing  has  involved  preliminary  soaking  of  the  polymer  in  aqueous  and 
saline  media  for  various  intervals.  There  is  a  distinct  similarity  between  the 
behavior  of  natural  tissue,  as  obtained  from  the  literature,  and  the  properties 
of  the  "springy"  polypropylene.  The  effects  of  sterilization  via  steam  auto- 
claving  do  not  appear  to  affect  markedly  the  physical  properties  of  the  polymer. 
It  is  obvious  that  this  kind  of  polymer  would  substantially  extend  the  arsenal 
of  potential  materials  which  could  be  used  for  extended  periods  of  time  in  the 
body  environment.   It  is  anticipated  that  compatibility  with  blood  may  be  pro- 
vided by  hydrogel- grafting. 

UNIVERSITY  OF  VERMONT,  Burlington,  Vermont 

Contract  Amount:  $47,839  Contract  Number:  PH43-68-1427 

ANALYSIS  AND  MEASUREMENT  OF  THE  EFFECTS  OF  MATERIALS  ON  THE  BLOOD  LEUKOCYTES, 
ERYTHROCYTES,  AND  PLATELETS,  AND  DEVELOPMENT  OF  A  RENAL  EMBOLUS  TEST  SYSTEM. 

(Bert  K.  Kusserow,  p.i . ) 
The  aims  of  this  contract  are  (1)  to  refine  the  renal  embolus  test  to  avoid 
artifacts,  (2)  to  evaluate  a  few  well-characterized  materials  by  that  test 
in  order  to  correlate  the  biological  behavior  of  them  with  the  physico-chemical 
characteristics,  and  (3)  to  evaluate  the  role  of  trauma  by  surfaces  and  flow 


TA-24 


in  vitro  and  in  vivo  in  inflammatory  responses  of  tissues  and  in  damage  to 
the  formed  elements  of  blood.  The  results  to  date  indicate  that  (1)  pro- 
longed in  vitro  blood  pumping  results  in  decreased  carbon  dioxide  and  in- 
creased lactate  production  from  substrate  glucose  by  leukocytes,  (2)  pumped 
leukocytes  show  greater  bactericidal  capability  than  untraumatized  controls, 
(3)  changes  in  intracellular  sodium  and  potassium  ratios  could  not  be  demon- 
strated in  leukocytes  which  have  been  pumped  in  vitro,  (4)  increased  levels  of 
plasma  serotonin,  presumably  released  by  destroyed  or  injured  platelets,  were 
encountered  in  samples  of  pumped  blood,  and  (5)  platelet  aggregation  and  ad- 
hesion indices  were  decreased  by  prolonged  in  vitro  perfusion.  Hematological 
alterations  encountered  during  extended  in  vivo  perfusion  with  a  roller  pump 
included  (1)  decreases  in  leukocytic  phagocytic  indices  and  bactericidal  capa- 
bility, (2)  increases  in  the  total  white  cell  count  with  immature  leukocytes 
accompanied  by  a  relative  decrease  in  the  mononuclear  forms,  principally  lympho- 
cytes, (3)  a  modest  increase  in  the  clot  retraction  index,  and  (4)  variable 
changes  in  plasma  serotonin  level.  Further  investigations  were  directed  toward 
the  development  and  the  use  of  a  sensitive  tissue  indicator  of  embolic  and 
thrombotic  episodes  occurring  at  the  surface  of  prosthetic  intravascular 
implants.  The  best  materials  to  date  are  the  hydrogel -grafted  surfaces  de- 
veloped by  the  Franklin  Institute  Research  Laboratories  and  the  low-tempera- 
ture isotropic  (LTI)  carbons  by  Gulf.  Good  results  were  also  obtained  with 
Stanford  Research  Institute's  segmented  polyether-urethanes.  This  contract 
constitutes  an  important  link  in  the  total  understanding  of  the  interaction 
of  blood  with  materials  and  it  will  be  continued. 


WASHINGTON  UNIVERSITY,  St.  Louis,  Missouri 

Contract  Amount:  $48,753  Contract  Number:  NIH-73-2909 

INVESTIGATIONS  OF  ANISOTROPIC  SYNTHETIC  POLYMERS 

(John  D.  Kardos,  p.i. ) 
This  contract  was  awarded  in  October,  1972.  The  objective  is  to  apply  com- 
posite materials  technology  to  the  problem  of  designing  and  fabricating 
mechanically  and  biologically  acceptable  vascular  prostheses.  In  par- 
ticular, anisotropic  materials  are  being  studied  to  imitate  better  the  true 
mechanical  performance  of  living  tissues.  Among  the  test  procedures  are  uni- 
axial and  biaxial  mechanical  techniques  which  constitute  an  important  approach 
to  the  better  evaluation  of  the  mechanical  performance  of  materials  to  be  used 
in  vivo.  Initially,  the  greatest  emphasis  is  on  the  use  of  segmented  poly- 
ether-urethanes developed  and  prepared  and  provided  by  the  Stanford  Research 
Institute  for  study  by  Washington  University.  The  contractor  has  been  success- 
ful in  applying  hot-stretching  on  an  Instron  testing  machine  to  impart  aniso- 
tropy  to  segmented  polyether-urethanes.  The  resulting  stiffness  in  the  direc- 
tion of  orientation  is  about  2.5  to  3  times  that  in  the  transverse  direction. 
Testing  is  currently  under  way  to  determine  if  this  degree  of  anisotropy  will 
decay  with  time  at  room  and  body  temperatures.  Should  this  not  be  the  case, 
this  technique  will  be  used  in  future  work.  On  the  other  hand,  if  time- 
dependent  anisoptropy  occurs,  other  techniques  will  be  used  to  develop  aniso- 
tropy. Laminates  of  unstretched  films  have  been  successfully  compression- 
molded  under  carefully  controlled  conditions  followed  by  slow  cooling  under 
pressure.  Anisotropic,  stretched  films  have  been  made  also  by  the  lamination 
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technique  which  provided  interfacial  integrity  in  the  laminate  with  a  minimum 
of  anisotropy  loss  due  to  relaxation.  This  program  constitutes  a  very 
important  part  of  the  biomaterials  effort.  It  is  expected  that  it  will 
continue. 


WHITTAKER  CORPORATION,  Waltham,  Mass. 

Contract  Amount:  $28,152  Contract  Number:  NIH-73-2919 

ION  BEAM  DEPOSITED  CARBON  COATINGS  FOR  BIOCOMPATIBLE  MATERIALS 

(S.  Aisenberg,  p.i.) 
This  contract  started  in  October,  1972.  The  objectives  are:  (1)  to  use  the 
ion  beam  deposition  technique  to  apply  coatings  of  diamond-like  carbon  and 
of  graphite  to  specifically  selected  substrates,  (2)  to  perform  physico- 
chemical  studies  aimed  at  thorough  characterization  of  the  coatings  so  pre- 
pared with  respect  to:  (a)  crystalline  structure,  (b)  thickness  of  the  carbon 
film,  (c)  porosity  of  the  film,  (d)  cracking  of  the  film,  (e)  adhesion  and 
performance  under  conditions  of  flexing,  (f)  effects  on  the  clotting  time 
(Lee-White)  in  vitro,  and  (3)  to  submit  specimens  of  carbon-coated  surfaces 
prepared  in  this  manner  to  other  contractors  of  DTA  for  evaluation.  Efforts 
during  this  year  were  primarily  directed  to  achieving  satisfactory  disposi- 
tion of  diamond-like  carbons  by  ion  beam  techniques  on  segmented  polyurethanes 
furnished  by  the  Stanford  Research  Institute.  Coatings  on  sheets  of  these 
polyurethanes  were  found  to  be  very  adherent  and  relatively  crack-free  under 
optical  microscopic  observation.  In  addition,  in  vitro  testing  of  the  carbon 
coating  on  the  segmented  polyether-urethanes  produced  encouraging  results 
with  regard  to  prolonged  blood  clotting  times.  Further  studies  with  the 
optical  microscope  confirmed  the  earlier  results  that  thin  coatings  of  the 
diamond-like  carbon  are  relatively  crack-free  with  reference  to  thicker 
coatings,  which  have  cracks  up  to  approximately  1.6  micra  wide.  It  is 
proposed  to  compare  the  results  with  other  types  of  carbons  investigated  by 
another  contractor  (Gulf)  since  only  by  such  an  approach  can  one  gain  a 
better  understanding  of  why  certain  carbons  are  blood  compatible  while  others 
are  not.  It  is  hoped  that  budgetary  considerations  will  permit  continuation 
of  this  contract. 
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DEVICES  BRANCH 

A  major  goal  of  the  Division  of  Technological  Applications  is  the  development 
of  a  family  of  devices  which  can  be  effectively  used  in  the  rehabilitation  of 
patients  with  advanced  heart  disease.  There  exist  clinical  needs  for  devices 
which  can  1)  temporarily  assist  the  acutely  failing  circulation  during  critical 
periods  of  diagnosis  and  treatment  (emergency  assist  devices);  2)  assist  the 
circulation  for  periods  of  days  to  several  months  in  anticipation  of  cardiac 
transplantation  or  spontaneous  recovery  of  circulatory  function  (temporary 
assist  devices);  3)  permanently  assist  the  heart  in  cases  of  irreversible  fail- 
ure (permanently  implantable  assist  devices);  and  4)  totally  and  permanently 
assume  entire  function  of  hearts  in  end-stage  failure  (total  cardiac  replace- 
ment devices) . 

Development  of  devices  to  meet  each  of  these  four  needs  has  progressed  under 
DTA  contracts  during  the  last  several  years.  Westinghouse,  Tecna,  and  Hamilton 
Standard/Yale  have  developed  intra-aortic  balloon  pumping  devices,  mechanical 
ventricular  assistance  cups,  and  external  sequenced  pulsation  systems  which  can 
serve  as  emergency  assist  devices.  Thermo  Electron  Corporation's  left  ventric- 
ular assist  pump  and  bilateral  assist  system  are  designed  to  be  temporary  assist 
devices.  The  H-TAH  pusher-plate  version  of  the  TECO  left  ventricular  assist 
device  is  designed  to  be  driven  by  implantable  energy  systems  and  as  such  rep- 
resents a  potential  permanent  assist  device.  Developments  in  total  heart  re- 
placement are  being  made  at  the  Cleveland  Clinic,  the  University  of  Mississippi, 
and  the  University  of  Utah. 

The  potential  merits  of  implanted  power  for  driving  circulatory  assist  and/or 
total  heart  replacement  devices  are  significant,  the  major  advantages  of  im- 
planted power  include  patient  mobility,  freedom  from  external  electrical 
sources,  and  the  elimination  of  potential  sites  for  infection.  DTA  is  pro- 
ceeding along  two  specific  approaches  for  achieving  completely  implanted  power 
systems  to  permit  patient  rehabilitation.  These  approaches  include  1)  the 
use  of  thermal  energy  derived  from  an  implantable  nuclear  heat  source  (radio- 
isotope), and  2)  the  utilization  of  energy  from  within  the  body  as  both  the 
fuel  and  the  oxidizer.  The  overall  objective  of  the  nuclear  programs  is  to 
develop  and  test  completely  implanted  nuclear-powered  cardiac  assist  systems 
that  will  assume  the  cardiac  output  of  the  left  ventricle  and  operate  in  a 
synchronous  counterpulsation  manner.  Each  of  the  systems  is  being  developed 
to  operate  with  radioisotope-produced  heat  or  by  electrical  energy  which  is 
transmitted  across  intact  skin  and  stored  in  a  thermal  storage  unit  for  sub- 
sequent operation  of  the  internal  blood  pump  system.  If  success  is  achieved, 
no  external  connections  will  be  required. 

During  the  past  year,  the  development  of  nuclear-powered  systems  has  been 
carried  forward  under  four  contracts.  Two  of  the  contractors  are  developing 
modified  Stirling  engines  and  one  is  developing  a  Rankine-cycle  engine.  The 
fourth  contractor  is  developing  a  direct-acting  engine-blood  pumping  system 
utilizing  a  combined  Rankine-Stirling  thermodynamic  cycle.  Prototypes  of  each 
system  have  been  fabricated  and  tested  in  calves. 

Two  significant  accomplishments  have  been  achieved  during  the  last  1  1/2  years 
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which  significantly  advanced  the  state-of-the-art  of  artificial  hearts.  The 
first  atomic -powered  heart  engine  has  been  integrated  with  a  left  heart-assist 
pump  and  was  implanted  in  a  calf  on  February  14,  1972.  Similar  in  vivo  tests 
are   continuing  at  present  with  the  engines  developed  by  Aerojet,  McDonnell 
Douglas,  and  Thermo  Electron  Corporation.  The  tests  are  being  performed  at 
the  Texas  Heart  Institute.  The  first  total  replacement  artificial  heart  to  be 
totally  implanted  has  been  developed  and  has  undergone  short-term  animal  tests 
over  the  past  two  years.  These  implants  have  been  powered  by  electrical  energy 
systems  developed  by  Stanford  Research  Institute  and  Statham  Instruments,  Inc. 
During  fiscal  year  1974,  testing  of  the  total  heart  powered  by  nuclear  engines 
will  be  initiated. 

Both  the  artificial  heart  and  the  heart-assist  system  are  providing  vital  in- 
formation for  analysis  by  the  scientists  and  engineers  of  the  development  team. 

These  two  developments  follow  approximately  four  or  five  years  of  research  and 
development  on  the  nuclear  engine  for  powering  both  kinds  of  artificial  heart 
devices  and  two  to  three  years  of  research  and  development  on  the  total  re- 
placement artificial  heart. 

The  Division  of  Technological  Applications  has  also  supported  the  development 
of  new  or  improved  blood  oxygenators  for  short-term  use  in  presently  existing 
extracorporeal  perfusion  systems  for  open-heart  surgery,  and  for  long-term 
extracorporeal  perfusion  to  support  the  failing  cardiopulmonary  system.  The 
concepts  which  have  been  supported  are  those  which  eliminate  the  blood-air 
interface  and  attempt  to  minimize  blood  damage  due  to  denaturation  of  blood 
proteins  and  destruction  of  cellular  elements.  During  the  past  year  the  DTA 
has  supported  oxygenator  development  in  the  following  areas:  1)  liquid/liquid 
interface  oxygenators;  2)  capillary  membrane  oxygenators;  and  3)  combination 
pump-oxygenators .  Presently  the  efforts  are  being  tapered  to  include  only  the 
development  of  capillary  membrane  oxygenators. 


AEROJET  GENERAL  CORPORATION,  Sacramento,  California 

Contract  Amount:  $569,195  Contract  Number:  NIH-NHLI-73-2930 

(Formerly:  NIH-71-2488) 
DEVELOPMENT  OF  A  MODIFIED  STIRLING  CYCLE  HEART  ENGINE 

(Mark  Rudnicki ,  p.i .) 
The  goal  of  the  Aerojet  effort  is  to  develop  and  test  a  totally  implantable 
nuclear-powered  system  that  will  completely  assume  the  output  of  the  left 
ventricle  and  operate  in  a  synchronous  counterpulsation  manner.  The  engine 
being  developed  is  a  Stirling  cycle  engine  which  converts  heat  from  a  Pu-238 
radioisotope  capsule  into  pneumatic  energy.  The  actuator  drives  the  blood 
pump  using  the  pneumatic  energy  developed  by  the  engine.  A  series  of  devel- 
opmental engines  and  actuators  has  been  developed.  During  the  past  year. 
Aerojet  has  fabricated  four  nuclear  engines,  two  heart  assist  actuators,  and 
two  total  heart  actuators.  Aerojet,  in  conjunction  with  Texas  Heart  Institute, 
has  conducted  two  recent  in  vivo  tests  of  the  radioisotope-fueled  heart  assist 
system.  These  tests  demonstrated  a  70%  reduction  in  left  ventricular  pressure. 
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Significant  improvements  have  been  made  in  engine  reliability,  noise  reduc- 
tion, and  efficiency.  Engine  efficiencies  in  the  implantable  configuration 
of  18%  have  been  achieved.  An  efficiency  of  22%  was  measured  in  a  previous 
bench  test  configuration.  The  current  actuator  (PAC  IV)  was  designed  to 
enhance  performance,  longevity,  and  reliability;  it  has  provided  data  to  per- 
mit the  designing  of  PAC  V.  The  contractor  has  designed  and  fabricated  a 
total  heart  actuator  which  is  inteqrable  with  the  present  (Mark  V)  engine. 
Next  year's  planned  activities  include  achievement  of  a  22%  engine  efficiency 
with  an  implantable  engine,  continuation  of  the  total  heart  actuator  develop- 
ment, and  in  vitro  and  in  vivo  testing  of  the  engine  integrated  with  the 
heart  assist  and  total  heart  actuators. 


ALBANY  MEDICAL  COLLEGE,  Albany,  New  York 

Contract  Amount:  $17,384  Contract  Number:  NIH-69-2050 

DEVELOPMENT  OF  MODELS  OF  CORONARY  AND  AORTIC  ATHEROSCLEROSIS  IN  MINI -PIGS 
FOR  TESTING  DEVICES 

(K.  T.  Lee,  p.i .) 
The  primary  objective  of  this  contract  work,  supported  by  this  office  since 
1969,  is  to  develop,  standardize,  and  characterize  animal  models  of  advanced 
coronary  atherosclerosis  using  Pitman-Moore  miniature  swine.  The  approach 
chosen  was  the  feeding  of  a  high-fat,  high-cholesterol  diet,  administration 
of  propylthiouracil,  and  X-irradiation.  Past  results  on  this  contract  have 
indicated  that  both  X-ray  and  high-fat,  high-cholesterol  diets  are  needed  to 
produce  a  severe  degree  of  atherosclerosis  in  a  short  time;  it  was  also  found 
that  diet  alone  produces  these  lesions,  but  more  slowly.  Propylthiouracil 
has  now  been  found  not  to  be  needed  in  this  regimen.  In  a  number  of  swine 
that  died  suddenly,  telemetry  EKG  was  used  to  determine  the  mechanism  of 
sudden  death.  This  mechanism  proved  to  be  ventricular  fibrillation  on  nine 
occasions  and  ventricular  asystole  on  three.  Terminal  EKG  recordings  are 
being  analyzed  in  an  effort  to  develop  criteria  to  predict  fatal  arrhyth- 
mias. A  new  atherogenic  technique  consists  of  abrading  the  intima  of  the 
abdominal  aorta  of  pigs  on  a  high-fat,  hiqh-cholesterol  diet.  This  has  been 
used  to  construct  models  of  atherosclerosis  for  use  in  a  coordinated  program 
with  the  General  Electric  passive  acoustic  monitoring  project.  This  program 
maintains  about  40  atherosclerotic  pigs  for  use  by  the  contractors  of  the 
Division.  During  the  next  year,  this  work  will  be  continued. 


ARCO  NUCLEAR  COMPANY,  Leechburg ,  Pennsylvania 

Contract  Amount:  $441,681    Contract  Number:  NIH-72-2900 

(Formerly:  NIH-71-2053) 
RADIOISOTOPE-POWERED  ARTIFICIAL  HEART 

(M.  Blair,  p.i .) 
The  overall  objective  of  this  program  is  to  develop  a  radioisotope-powered 
heart  replacement  system.  The  concept  uses  the  thermal  energy  from  a  Pu-238 
source  to  operate  a  Rankine-cycle  steam  engine  at  physiological  pulse  rates. 
This  effort  was  initiated  late  in  1970.  The  first  phase  of  this  effort  was 
directed  toward  component  development  and  proof  of  feasibility  using  a  bread- 
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board  model.  In  November  1972,  a  test  series  was  completed  which  verified 
the  operational  feasibility  of  this  concept.  During  the  past  year  Arco  has 
fabricated  and  tested  three  engine  assemblies  featuring  interchangeable  pis- 
ton-cylinder combinations.  Tests  on  these  engines  have  been  performed  to 
determine  the  efficiency  of  the  system  under  standard  steam  operating  con- 
ditions. Arco  has  measured  engine  operating  efficiencies  of  up  to  5.1%.  An 
integrated  system  including  the  heat  source  has  been  assembled  and  integrated 
with  the  Thermo  Electron  Corporation  H-TAH  left  heart  assist  blood  pump. 
These  integrated  systems  have  been  subjected  to  a  series  of  in  vitro  tests 
using  a  mock  loop  to  provide  physiological  responses.  A  Model  II  engine 
has  been  fabricated,  which  incorporates  several  significant  design  improve- 
ments. Integration  with  the  H-TAH  pump  has  been  undertaken  with  an  eye  to 
in  vivo  studies .  Future  efforts  will  be  directed  toward  in  vivo  studies 
and  further  bench  testing.  Higher  efficiency,  improved  performance,  and 
greater  reliability  are  key  Phase  II  objectives. 


ANDROS,  INC.  (Formerly  Arkon  Scientific  Labs.),  Berkeley,  California 

Contract  Amount:  $256,525     Contract  Number:  NIH-70-2045 
DEVELOPMENT  OF  IMPLANTABLE  CONTROLLED  SOLENOID  CARDIAC  ASSIST  SYSTEMS 

(Peer  M.  Portner,  p.i.) 
Development  has  continued  on  a  cardiac  assist  system  based  on  a  spring  de- 
coupled, controlled  solenoid  actuator  of  high  efficiency.  The  Mark  16  C 
system  has  been  refined  to  extend  dynamic  range  and  performance.  This  actuator, 
which  operates  at  cardiac  rates,  weighs  1.9  kg,  has  a  volume  of  740  ml,  and 
has  an  efficiency  (electrical  input  to  mechanical  work  output)  of  69%  to  81% 
over  its  operating  range.  The  corresponding  total  system  efficiency  (includ- 
ing a  blood  pump  of  55%  efficiency)  ranges  up  to  33%  when  delivering  over  4 
watts  of  power  to  the  blood  at  a  rate  of  150  beats  per  minute.  Further  re- 
finements utilizing  the  advantages  of  mechanical  latching  of  the  armature 
movement  have  resulted  in  a  single  gap  solenoid  design  (Mark  19)  of  superior 
mechanical  integrity  and  performance  that  weighs  1.5  kg  and  occupies  480  ml. 
This  prototype  also  uses  high  magnetic  saturation  Vanadium  Permendur  material. 
Extensive  improvements  in  the  electrical  power  and  control  circuitry  have 
resulted  in  high  efficiency,  miniaturized  breadboard  systems  that  provide 
highly  responsive  control  on  a  beat-by-beat  basis.  Work  is  proceeding  on  an 
implantable  electronic  package  of  500  ml  which  includes  an  implantable  secon- 
dary battery  of  two-hour  operating  capacity.  A  preliminary  design  of  minia- 
turized skin  transformer,  tested  at  high  efficiency,  has  an  implanted  secondary 
coil  weighing  40  gm  and  is  sufficient  to  power  the  complete  system.  Several 
acute  in  vivo  experiments  in  calves  at  Stanford  University  Medical  Center  have 
permitted  development  of  surgical  protocols,  iterative  design  improvements, 
and  demonstration  of  highly  responsive  operation  over  a  wide  range  of  physio- 
logical conditions  in  tests  lasting  up  to  8  hours.  Synchronous  counterpulsa- 
tion with  the  natural  heart  at  rates  up  to  180  beats  per  minute  and  cardiac 
outputs  up  to  13  liters  per  minute  have  been  achieved  with  left  ventricular 
unloading  up  to  80%.  Performance  achieved  to  date  demonstrates  that  the  total 
average  electrical  power  input  required  from  the  skin  transformer  or  from  im- 
planted secondary  batteries  to  maintain  adequate  circulation  in  a  calf  or  a 
man  is  of  the  order  of  12  watts  (or  less  as  blood  pump  and  component  efficien- 
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cies  improve  further).  Chronic  in  vivo  trials  will  begin  soon  as  a  part  of 
the  continuing  development  toward  a  preclinical  system  in  the  coming  year. 


BATTELLE  MEMORIAL  INSTITUTE,  Pacific  Northwest  Laboratories,  Richland,  Wash. 

Contract  Amount:  No  additional  funds    Contract  Number:  PH43-66-1130 
A  STUDY  OF  THE  EFFECTS  OF  ADDITIONAL  ENDOGENOUS  HEAT  RELATING  TO  THE 
ARTIFICIAL  HEART 

(M.  Gillis  ,  p.i .) 
This  program  was  started  in  1966  to  investigate  the  effects  of  rejecting  heat 
generated  by  an  artificial  heart  power  source  energy  converter  system.  Elec- 
trical heaters  were  designed  with  the  appropriate  size,  shape,  and  material 
compatible  with  long-term  implantation  in  the  aortas  of  miniature  swine.  These 
were  implanted  and  the  animals  were  maintained  throughout  subsequent  experi- 
mental periods  during  which  heater  power  and  internal  transducer  feedout  were 
provided  via  percutaneous  leads.  The  results  of  this  work  are  as  follows:  in 
the  absence  of  high  ambient  temperature  or  systemic  infection  causing  fever, 
miniature  swine  will  tolerate  60  watts  added  heat  for  24  to  36  months  without 
overt  alteration  of  physiological  functions.  Specific  heat  input  rates  to 
the  group  of  heated  animals  in  the  chronic  study  range  from  0.6  to  0.9  watts 
per  kilogram  of  body  weight.  Flux  at  the  heat  transfer  surface  is  4.7  watts/c^ 
and  60  watts  total  heat.  The  work  of  this  program  has  concluded  and  the  con- 
tract terminated  in  June,  1973. 


BROWN  UNIVERSITY,  Providence,  Rhode  Island 

Contract  Amount:  $54,290  Contract  Number:  NIH-69-2047 

TESTING  AND  EVALUATION  OF  BLOOD  OXYGENATORS 

(Pierre  Galletti,  p.i.) 
This  program  was  initiated  three  years  ago  to  evaluate  and  compare  various 
oxygenators  being  developed  by  contract  in  the  DTA  program.  The  program  has 
used  a  two-pronged  approach:  (1)  evaluation  of  gas  transfer  capacity  in 
membrane  oxygenators  under  standardized  conditions  and  (2)  engineering  evalua- 
tion of  flow  dynamics  and  flow  distribution  to  identify  causes  of  sub-optimal 
performance.  This  contract  has  been  responsible  for  development  of  a  standard- 
ized testing  technology  for  gas  transport  in  membrane  oxygenators  which  is 
accepted  throughout  the  field.  During  the  past  year  Brown  University  has  con- 
tinued to  test  and  evaluate  the  Dow  hollow  fiber  capillary  oxygenator,  the 
Sci-Med  oxygenator,  Lande-Edwards  oxygenator,  and  a  combination  pump-oxy- 
genator  developed  by  Medi -Physics .  With  all  oxygenators,  development  of  which 
has  been  supported  by  DTA,  adequately  characterized  in  terms  of  transport  by 
Dr.  Galletti  's  group,  this  program  was  terminated  in  May,  1973. 


CLEVELAND  CLINIC,  Cleveland,  Ohio 

Contract  Amount:  $110,205  Contract  Number:  NIH-69-2184 

DESIGN  AND^EVALUATION  OF  A  NATURAL  RUBBER,  WAVE-PULSATING  HEART 

(Y.  Nose,  p.i .) 
Dr.  Nose  has  been  building  prosthetic  bladder  pumps  from  natural  rubber  for  use 
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in  total  heart  replacement  in  calves  since  1969  with  contract  support  from  this 
office.  The  past  two  years  he  has  been  concentrating  on  natural  rubber  hearts 
coated  with  denatured  pericardium  and  supplied  with  inlet  and  outlet  valves  of 
homologous  calf  aortic  valves  which  have  been  fixed  in  glutaraldehyde  (the  so- 
called'^biolized  heart).  Within  the  past  twelve  months  the  Cleveland  Clinic 
decided  to  support  Dr.  Nose  by  constructing  for  him  a  new  well -equipped,  well- 
spaced  laboratory  with  two  clinical  operating  rooms  and  animal  care  facilities. 
Since  completion  of  this  new  laboratory  Dr.  Nose's  group  has  increased  the 
level  of  survival  of  the  animals  with  total  heart  replacement  from  an  average 
of  50  to  75  hours  up  to  an  average  of  3  to  5  days  with  marked  improvement  in 
the  neurologic,  pulmonary  and  metabolic  status  of  the  animal. 

Within  the  past  year  the  contour  of  the  prosthetic  heart  was  redesigned  based 
on  results  of  a  computer  study  of  the  available  space  in  the  thoracic  cavity. 
With  this  new  heart  a  maximum  cardiac  output  of  15  1/min  (in  vitro)  and  an 
average  of  10  1/min  (in  vivo)  is  attainable.  During  the  contract  year  an 
animal  with  a  prosthetic  heart  of  the  design  described  above  was  supported 
for  17  days,  longer  than  had  previously  been  achieved.  This  animal  was  main- 
tained in  an  excellent  condition  throughout  the  experiment,  with  only  slight 
increases  in  serum  enzymes,  pulmonary  shunting,  bilirubin,  and  intravascular 
volume  which  seemed  to  be  responding  to  treatment  and  were  returning  to  normal 
at  the  time  of  its  demise,  which  was  caused  by  a  ruptured  artificial  ventricle 
after  approximately  2.5  million  cycles  of  pumping.  Hemodynamic  data  were 
largely  normal  and  the  average  cardiac  output  throughout  the  experiment  was  8 
to  10  1/min.  Work  for  the  next  year  is  still  under  consideration. 
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DOW  CHEMICAL  COMPANY,  Walnut  Creek,  California 

Contract  Amount:  $150,949  Contract  Number:  PH43-68-1387 

DEVELOPMENT  AND  EVALUATION  OF  NEW  AND  IMPROVED  OXYGENATORS 

(Frank  W.  Mather,  p.i .) 
This  contract,  which  is  in  its  fifth  year,  has  involved  the  development  of  the 
Dow  capillary  membrane  oxygenator  which  during  the  past  year   has  had  pre- 
clinical and  clinical  evaluation.  On  the  basis  of  a  series  of  four-hour  total    j 
cardiopulmonary  bypass  experiments  in  calves  conducted  at  IITRI,  it  was  decided 
that  clinical  trials  of  this  oxygenator  would  be  initiated.  Early  in  the  contract 
year  twenty  successful  clinical  perfusions  were  carried  out  using  two  3  1/min- 
oxygenators  in  parallel.  During  the  remainder  of  the  year  efforts  were  directed 
toward  completion  of  the  development  of  an  adult-size  hollow  fiber  oxygenator    i 
(7m2),  evaluation  of  new  sterilization  techniques,  and  evaluation  of  membrane 
materials  as  alternatives  to  polycarbonate-siloxane.  During  the  past  year  the 
thickness  of  the  capillary  wall  was  increased  from  20  to  28  micra  in  a  success- 
ful effort  to  obviate  leaking  problems;  the  effect  of  this  increased  membrane 
thickness  upon  gas  transport  remains  negligible  and  these  units  transfer  approx-  { 
imately  35  ml/min/m2.  Eight  of  the  7-liter  adult-size  units  have  been  supplied 
to  the  testing  centers  for  in  vivo  testing.  The  first  several  of  these  units 
used  a  hand-molded  Silastic  rubber  header  since  the  injection-molded  polyolefin   i 
headers  were  not  yet  available;  tightening  down  of  these  deformable  rubber  head- 
ers caused  restriction  of  the  blood  flow  path  and  resulted  in  high  pressure 
drops  and  thrombus  formation  on  the  tube  sheet  surfaces.  More  recent  units      ' 
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have  new  injection-molded  rigid  headers  and  the  problems  experienced  with  the 
deformable  rubber  headers  have  been  eliminated.  Total  priming  volume  on  the 
adult  unit  is  about  600  cc.  The  use  of  ethylene  oxide  as  an  oxygenator  steri- 
lant  looks  promising;  preliminary  results  indicated  that  sterility  was  achieved 
in  four  out  of  four  cases  with  ethylene  oxide,  with  no  apparent  damage  to  the 
system.  Testing  is  being  repeated  to  confirm  these  results.  The  problem  of 
thrombus  formation  on  the  inlet  tube  sheet  is  presently  being  reviewed;  in 
addition,  it  appears  that  new  work  with  a  blood-on-the-outside  capillary  mem- 
brane design  may  increase  gas  transport  efficiency  by  about  20  percent.  Work 
for  the  next  year  is  still  under  consideration. 


ESSO  RESEARCH  AND  ENGINEERING  COMPANY,  Linden,  New  Jersey 

Contract  Amount:  $39,848  Contract  Number:  NIH-71-2369 

EXAMINATION  AND  EVALUATION  OF  FLUOROCARBONS  FOR  USE  IN  LIOUID  MEMBRANE 

OXYGENATORS 

(William  J.  Asher,  p.i .) 

A  liquid-liquid  interface  has  been  explored  as  a  means  of  blood  oxygenation. 

For  this  purpose  bubbles  of  oxygen  in  fluorocarbon  are  allowed  to  rise  to  the 

blood  to  be  oxygenated.  Initial  laboratory  work  indicated  gas  transport  on  the 

order  of  30  ml/min/m^  of  membrane  area  was  possible  without  apparent  blood 

damage. 

During  the  past  contract  year  a  prototype  liquid  membrane  oxygenator  unit  was 
built  and  proved  adequate  for  total  pulmonary  bypass  in  a  10-pound  dog.  By- 
pass lasted  for  one  hour  with  500  cc  of  flow  per  minute.  The  cardiopulmonary 
bypass  was  terminated  due  to  a  problem  with  the  flow  control  which  was  unre- 
lated either  to  oxygenator  or  dog.  At  normothermia,  arterial  p02  was  510 
and  venous  p02  was  66  while  arterial  pC02  was  43  and  venous  pC02  was  56  mmHg. 
with  the  temperature  reduced  to  29^C,  arterial  p02  was  605  and  venous  p02  was 
94  while  arterial  pC02  was  56  and  venous  pC02  was  74  mmHg.  There  has  been 
uncertainty  concerning  completeness  of  removal  of  bubbles  or  droplets  of  fluoro- 
carbon from  the  blood  and  of  toxicity  to  certain  hepatic  enzyme  systems.  With 
the  work  of  this  feasibility  study  completed,  the  contract  was  terminated  in 
February,  1973. 


GENERAL  ELECTRIC  COMPANY,  Schenectady,  New  York 

Contract  Amount:  No  additional  funds    Contract  Number:  NIH-71-2361 
FABRICATION  OF  OXYGENATORS  USING  SPECIFIED  MATERIAL 

(William  Mathewson,  p.i.) 
This  program  was  funded  during  the  last  fiscal  year  to  investigate  the  feasi- 
bility of  using  the  General  Electric-Pierce  oxygenator  as  a  test  vehicle  for 
some  new  materials  and  surface  treatments  being  developed  in  the  DTA  program. 
This  involved  development  of  techniques  for  applying  hydrogels  to  the  surface 
of  a  polycarbonate  sulfoxane  membrane  and  the  development  of  support  materials 
for  ultra-thin  membranes.  Several  problems  including  a  redesign  of  the 
General  Electric-Pierce  oxygenator  and  difficulty  in  finding  suitable  methods 
for  applying  the  cone  field  to  the  membranes  appeared  to  limit  the  practical- 
ity of  continuing  this  contract.  The  program  terminated  in  December,  1972. 
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McDonnell  DOUGLAS  corporation,  Richland,  Washington 

Contract  Amount:  $750,000  Contract  Number:  PH43-67-1408 

DEVELOPMENT  OF  THE  THERMOCOMPRESSOR  AS  THE  POWER  SOURCE  FOR  AN  ARTIFICIAL  HEART 

(William  R.  Martini,  p.i.) 
The  goal  of  the  McDonnell  Douglas  contract  is  to  develop  a  totally  implantable 
nuclear-powered  Stirling  engine  coupled  with  a  hydraulic  heart  assist  actuator. 
The  McDonnell  Douglas  engine  incorporates  a  displacer  which  oscillates  inside 
the  engine  cylinder  with  a  clearance  between  cylinder  and  wall  acting  as  the 
helium  heater,  regenerator,  and  cooler.  The  displacer  is  supported  at  the  hot 
end  by  a  leaf  spring  flexure  and  at  the  cold  end  by  bearings  and  a  crank  and 
flywheel  to  control  and  maintain  motion.  Engine  gas  pressure,  oscillating 
between  200  and  240  psia,  is  applied  to  a  diaphragm  backed  with  hydraulic  fluid, 
A  stepped  converter  piston  transforms  gas  pressure  pulses  to  fluid  pumped  from 
15  to  200  psia.  The  pumped  liquid  is  stored  in  the  accumulator  until  needed. 
Currently,  Engine  5  is  undergoing  a  life  test  and  has  achieved  over  8500  hours 
of  accumulated  life.  Engine  5A  has  been  tested  as  a  complete  system  with  the 
pump  module.  This  system  has  been  tested  in  vivo  at  Texas  Heart  Institute. 
Two  additional  Model  5  engines  are  being  fabricated  for  in  vitro  and  in  vivo 
testing.  The  pump  module  consists  of  the  pump  actuator  and  the  Thermo  Elec- 
tron Corporation  H-TAH  blood  pump.  Waste  heat  from  the  engine  comes  to  the 
pump  module  in  the  hydraulic  fluid  and  is  transferred  to  the  blood.  The  key 
accomplishments  include:  significant  improvements  in  the  performance  of  the 
engine  (13.2%  in  the  implantable  configuration)  as  a  result  of  the  develop- 
ment of  a  new  improved  regenerator/displacer  design;  radioisotope  capsule 
fabrication  and  maintenance;  significant  performance  and  control  improve- 
ments with  the  heart  assist  actuator,  verified  by  bench  testing  at  various 
aortic  and  pulmonary  loads,  heart  beat  rates,  and  accumulator  pressures; 
design  of  a  total  heart  actuator  suitable  for  integration  with  engine  5;  and 
completion  of  system  5  in  vivo  tests ,  achieving  complete  synchronous  opera- 
tion with  the  natural  heart  and  full  relief  of  the  left  ventricle  (20  mmHg/ 
5  mmHg).  During  the  next  fiscal  year,  effort  will  be  directed  toward:  fur- 
ther in  vivo  testing  of  the  assist  system;  continued  engine  life  tests;  com- 
pletion of  the  total  heart  actuator  design;  fabrication  and  test  (in  vitro 
and  in  vivo)  of  the  total  heart  actuator  integrated  with  the  thermaT  engine; 
the  development  of  an  improved  Model  6  engine;  and  the  fabrication  of  ad- 
ditional radioisotope  heat  sources. 


MELOY  LABORATORIES,  INC.,  Springfield,  Virginia 

Contract  Amount:  $15,041     Contract  Number:  PH43-67-1418 
PHYSIOLOGIC  EFFECTS  OF  BLOOD  PUMPS  IN  ANIMALS 

(B.  Dennison  ,  p.i .) 
Meloy  Laboratories  has  served  since  1967  as  a  facility  for  the  in  vivo  test- 
ing  of  several  devices  developed  by  contractors  of  the  DTA  (and  the  MDAP  and 
AHP).  Prototype  devices  were  brought  to  the  facility  by  developers  for  early 
evaluation  of  feasibility  and  efficacy  and  for  solution  of  surgical  problems. 
During  FY  1973  the  results  of  previous  work  were  reviewed  by  the  contractor, 
and  a  detailed  report  was  made  to  DTA.  This  effort  having  been  finished,  the 
contract  terminated  in  March,  1973. 
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MONTEFIORE  HOSPITAL  AND  MEDICAL  CENTER,  Bronx,  New  York 

Contract  Amount:  $61,609      Contract  Number:  NIH-72-2902 
STUDIES  LEADING  TO  THE  DEVELOPMENT  OF  IMPLANTABLE  BIOLOGICAL  FUEL  CELLS 

(J.  H.  Fishman,  J.  F.  Henry,  p.i.) 
Work  has  continued  on  the  development  of  gold-palladium  electrocatalysts  that 
are  selective  for  glucose  oxidation  and  for  oxygen  reduction  in  the  7.2-7.4  pH 
region  depending  on  the  percent  of  gold  in  the  alloy.  The  influence  of  lead 
acetate  on  the  plating  solutions  was  studied  in  detail.  It  was  observed  that 
if  lead  acetate  is  added  to  the  platinum  plating  solution  and  to  the  gold-plus- 
palladium  plating  solution  the  specificity  of  the  electrodeposits  on  the  gold 
substrates  was  enhanced  for  glucose  electro-oxidation,  provided  the  Au/Au  +  Pd 
atom  ratio  exceeds  0.6  and  provided  the  electrode  position  is  carried  out  in 
stagnant  solutions.  On  the  other  hand,  selective  electrocatalysts  for  oxygen 
reduction  can  be  produced,  with  or  without  the  presence  of  lead  acetate  and 
with  or  without  agitation  of  the  plating  solutions,  provided  the  Au/Au  +  Pd 
atom  ratio  is  less  than  0.5  and  preferably  less  than  0.4.  An  elementary  fuel 
cell  was  constructed  using  electrodeposited  oxygen-selective  Au-Pd  electro- 
catalyst  on  the  oxygen  electrode,  which  was  separated  from  the  liquid  flow 
chamber  by  a  collagen  membrane.  A  Cuprophane  membrane  was  used  to  separate 
the  flow  chamber  and  the  glucose  electrode,  on  which  Au-Pd  was  electrodeposited 
that  was  selective  for  the  glucose  electro-oxidation  process.  The  fuel  cell 
was  tested  in  vivo  in  a  heparinized  dog  by  placing  the  fuel  cell  in  an  external 
shunt  between  the  abdominal  aorta  and  the  left  femoral  vein.  Electrical  power 
was  generated  from  the  flowing  blood  in  a  pulsed  mode  of  operation  in  which  the 
cell  terminals  were  connected  to  an  ohmic  load  for  0,1  second  and  disconnected 
for  0.9  seconds  to  permit  system  recovery.  Open  circuit  voltages  of  the  order 
of  370  mV  were  recorded.  The  electrode  pairs  delivered  170  uA/cm^  per  pulse  at 
an  average  voltage  of  280  mV  using  an  1100  ohm  load.  At  a  load  of  660  ohms  the 
pairs  delivered  244  uA/cm^  per  pulse  at  an  average  voltage  of  230  mV.  At  a 
load  of  200  ohms  the  pairs  delivered  360  uA/cm^  per  pulse  at  an  average  voltage 
of  200  mV.  The  in  vivo  experiment  was  conducted  for  five  hours  without  deterio- 
ration in  the  performance  of  the  elementary  prototype  fuel  cell.  After  the 
first  30  minutes  the  system  stabilized  to  a  point  at  which  the  average  cell  po- 
tential remained  constant  at  a  value  approximately  one-half  that  which  was  ob- 
tained in  vitro  experiments  in  buffered  saline  solution  containing  physiological 
concentrations  of  glucose  and  oxygen.  Demonstration  of  in  vivo  stabilization 
of  a  fuel  cell  of  this  type  represents  a  significant  advance  in  the  technology 
of  biological  fuel  cell  development.  Even  though  this  program  has  shown  con- 
tinuing progress  in  low-power  biological  fuel  cell  studies,  changing  priorities 
in  the  overall  program  of  DTA  have  resulted  in  the  termination  of  this  contract 
at  the  conclusion  of  the  current  contract  period  in  February,  1973. 


PENNSYLVANIA  STATE  UNIVERSITY,  Hershey,  Pennsylvania 

Contract  Amount:  $20,025  Contract  Number:  NIH-73-2966 

DEVELOPMENT  AND  EVALUATION  OF  AN  ARTIFICIAL  HEART 

(W.  S.  Pierce,  p.i .) 
With  support  of  this  contract  which  began  late  in  FY  1973,  the  contractor  plans 
to  develop  and  test  an  implantable  total  artificial  heart  driven  by  an  external 
electropneumatic  power  source.  The  pumping  chambers  are  dip-molded  of  seg- 
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merited  polyurethane  and  are  contained  in  polycarbonate  shells.  Extensive  in 
vitro  flow  visualization  studies  and  mock  loop  work  have  been  done.  The  calf 
is  the  experimental  animal  for  the  in  vivo  studies.  In  an  experiment  which 
started  before  the  contract  began,  a  calf  has  been  carried  with  a  pumping 
left  ventricular  assist  device  for  over  eight  months.  It  is  proposed  to  ex- 
tend this  work  to  a  bilateral  assist  system  and  then  to  an  orthotopically 
implantable  artificial  heart. 


PHYSICS  INTERNATIONAL  COMPANY,  San  Leandro,  California 

Contract  Amount:  $180,416    Contract  Number:  NIH-69-2253 
DEVELOPMENT  OF  AN  IMPLANTABLE  PIEZOELECTRIC  ENERGY  CONVERSION  SYSTEM  FOR 
DRIVING  AN  ARTIFICIAL  HEART 

(C.  G.  O'Neill  &  Parker  Smiley,  p.i.'s) 
In  the  past  12  months  Physics  International  has  continued  development  of  a 
piezoelectric  (PZ)  assist  heart  driver.  The  control  system  has  been  redesigned, 
and  in  vitro  tests  have  confirmed  consistent  functioning  over  a  wide  range  of 
pulse  rates.  A  diaphragm  version  of  the  PZ  pump,  which  eliminates  the  last 
sliding  seals  from  the  system  has  been  designed  and  tested.  Design  studies  have 
been  performed  on  a  variety  of  electronic  circuits  to  minimize  size  and 
weight  and  to  maximize  efficiency  and  reliability.  Several  circuits  have  been 
breadboarded  and  tested  to  identify  detailed  problems.  One  circuit  has  been 
selected  for  the  implantable  model,  and  a  second  circuit  of  potentially  smaller 
size  has  been  selected  for  future  development  as  solid  state  high  voltage 
switches  become  available.  An  acute  in  vivo  performance  test  has  been  carried 
out  in  which  an  assist  heart  implanted  in  a  calf  was  powered  by  a  Mark  VI 
piezoelectric  driver  for  five  hours.  The  system  maintained  good  synchroniza- 
tion in  counterpulsation  with  the  natural  heart  up  to  175  beats  per  minute 
without  physiological  sensors  and  at  cardiac  outputs  up  to  six  liters  per 
minute  against  an  aortic  pressure  of  100  mmHg.  In  in  vitro  mock  loop  tests 
the  system  has  delivered  over  three  watts  mean  hydraulic  power  to  the  circu- 
lating fluid,  A  Mark  VIII  integrated  version  of  the  PZ  driver  has  been  built 
and  is  undergoing  test.  Endurance  tests  have  been  started  on  high  pressure 
bellows.  In  the  meantime,  stack  endurance  testing  has  been  continued.  Two 
PZ  driver  subsystems  have  been  operating  continuously  at  30  hertz  since  March 
1971.  Work  in  the  coming  year  will  include  emphasis  on  miniaturization  and 
increased  reliability  based  on  in  vitro  endurance  testing  of  components  and 
subsystems.  Acute  and  chronic  in  vivo  performance  trials  in  calves  will  also 
be  performed. 


STANFORD  RESEARCH  INSTITUTE,  Menlo  Park,  California 

Contract  Amount:  $365,944  Contract  Number:  PH43-67-1422    g 

TRANSCUTANEOUS  POWER  TRANSMISSION  SYSTEM  I 

(Peter  Newgard,  p.i .) 
Stanford  Research  Institute  has  continued  research  and  development  efforts       j 
associated  with  the  transmission  of  energy  across  intact  skin  and  the  devel-      j 
opment  of  a  miniature  rotary  brushless  electric  motor  to  power  a  total  heart 
blood  pump.  The  sizes  of  both  implanted  and  external  components  have  been 
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considerably  reduced.  Animal  tests  indicate  that  the  total  power  input  re- 
quired is  approximately  18  watts  of  electrical  energy.  Three  generations  of 
systems  have  been  developed.  The  present  effort  is  being  directed  toward  the 
development  of  a  hydraulic  pump  actuator  to  increase  reliability  and  opera- 
tional life.  During  the  current  contract  period  SRI  has:  fabricated  and 
delivered  four  Model  IV  series  of  implantable  systems;  maintained  and  improved 
the  Model  IV  units;  performed  successful  in  vivo  tests  at  Travenol  ;  designed 
an  implantable  hydraulic  blood  pump  actuator  and  energy  converter  with  quick 
disconnects  for  long-term  reliability;  performed  characterization  testing  of 
several  DTA-developed  blood  pumps;  ran  a  67-day  life  test  on  Model  IV  con- 
verter (blood  pump  failed);  redesigned  the  skin  transformer  and  AC-AC  con- 
verter which  drives  the  unit  to  achieve  smaller,  noise-free,  and  more  reliable 
components;  completed  the  design  of  the  battery  pack,  charge  and  control  cir- 
cuit to  achieve  a  smaller,  more  efficient  and  more  reliable  pack;  designed  a 
new  improved  computer  which  is  more  flexible  and  more  reliable  and  has  an  order 
of  magnitude  fewer  components;  redesigned  the  present  energy  converter  to 
integrate  with  a  smaller  blood  pump;  and  performed  long-term  skin  transformer 
tests  at  Travenol.  During  the  next  contract  period  major  emphasis  will  be 
directed  toward  the  fabrication,  test,  and  development  of  the  hydraulic  energy 
converter.  In  addition,  the  present  units  will  be  retrofitted  with  newly 
developed  skin  transformers,  battery  pack,  charge  and  control  circuit  and 
computer.  Power  supplies  will  also  be  fabricated  and  delivered  to  Statham. 
Life  testing  and  in  vivo  testing  will  continue. 


STATHAM  INSTRUMENTS,  INC.  Oxnard,  California 

Contract  Amount:  $301,944  Contract  Number:  PH43-68-1502 

ENERGY  SYSTEM  FOR  IMPLANTED  CIRCULATORY  ASSIST  DEVICES 

(Jack  Chambers  ,  p.i .) 
The  objectives  of  the  current  Statham  Instrument  contract  are  to  develop 
a  totally  implanted  energy  converter  which  incorporates  digital  control 
electronics  and  a  brushless  electric  motor.  The  brushless  dc  motor  is 
implanted  between  the  two  ventricles  of  a  total  heart  and  provides  direct 
actuation  of  both  ventricles.  Heart  rate,  stroke  volume,  ejection  waveform, 
and  systolic  and  diastolic  ratios  are  controlled.  Evaluation  of  the  entire 
system  has  gone  through  several  iterative  developmental  stages,  which  in- 
clude extensive  in  vitro  testing  on  a  mock  loop,  and  in  vivo  testing  in 
calves.  The  animal  testing  has  identified  the  pump-filling  characteristics 
and  energy  system  responses  to  different  physiologic  demands,  including 
those  induced  through  pharmacologic  action.  Efficiencies  of  40%  have  been 
measured  with  the  complete  system.  During  the  current  contract  period 
Statham  has:  upgraded  and  improved  the  reliability  and  life  expectancy 
of  Model  IV  converter  by  life  test  failure  mode  analysis  and  the  use  of 
improved  materials  and  lubrication;  developed  1%  accurate  Hall  effect  sen- 
sors with  new  samarium  cobalt  magnets  to  monitor  energy  converter  pusher- 
plate  position  and  provide  converter  control  ;  developed  circuits  to  measure 
the  direct  cardiac  output  of  the  energy  converter  blood  pump  system,  utili- 
zing either  output  of  Hall  sensors  or  velocity  information  from  the  motor; 
developed  a  new  more  efficient  motor  control  logic  computer  which  uses  the 
Hall  sensor  output  for  programmed  motor  control,  and  provides  capability  to 
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measure  cardiac  output;  investigated  miniaturization  of  motor  control  hard- 
ware utilizing  hybrid  circuits  and  designed  an  energy  converter  of  reduced 
size;  performed  design  studies  resulting  in  10  energy  converter  pump  con- 
cepts for  future  development  considerations;  conducted  heat  transfer  stu- 
dies in  current  blood  pumps;  designed  and  fabricated  a  new  miniaturized 
energy  converter  utilizing  an  improved  blood  pump  actuation  concept;  con- 
tinued in  vivo  testing  of  current  systems  (characterized  by  no  mechanical 
or  electrical  failures);  and  modified  the  Statham  energy  system  to  inte- 
grate with  an  H-TAH  left  heart  assist  pump  and  performed  successful  44- 
hour  in  vivo  experiment  at  Texas  Heart  Institute.  During  the  next  year 
Statham  will:  fabricate  and  completely  characterize  the  new  energy  con- 
verter design  and  coordinate  the  design  with  new  blood  pump  concepts;  pro- 
vide energy  converters  with  associated  control  electronics  for  in  vivo 
testing;  develop  improved  motor  controlled  circuits  utilizing  improved 
control  logic;  and  modify  energy  converters  for  use  with  blood  pumps  de- 
signed for  cardiac  assist  systems,  orienting  this  development  toward  early 
clinical  use. 


TECNA  CORPORATION,  Emeryville,  California 

Contract  Amount:  $368,806  Contract  Number:  NIH-71-2035 

FABRICATION  OF  IMPLANTABLE  ARTIFICIAL  HEART  DEVICES 

(T.  C.  Robinson,  p.i .) 
This  contract  has  provided  for  research  and  development  on  several  devices 
during  the  past  year.  Tecna  intra-aortic  balloons  (lAB)  previously  developed 
continue  to  be  fabricated  and  tested.  Results  of  testing  showed  that  the  lABs 
are  reliable,  and  initial  trials  of  the  balloons  in  humans  took  place  at  both 
the  NIH  Clinical  Center  and  at  Pacific  Medical  Center.  In  addition,  a  new 
concept  in  the  intra-aortic  balloon  area  (a  distensible  non-occlusive  balloon) 
was  formulated.  Prototypes  of  distensible  lABs  were  fabricated  together  with 
variable  volume  pressure  modulators,  and  animal  testing  took  place.  The  test- 
ing suggested  that  the  new  balloon  system  will  be  significantly  more  effective 
hemodynamically  than  standard  systems.  Development  and  testing  are  contin- 
uing; initial  clinical  trials  may  occur  early  in  the  next  fiscal  year.  An 
electropneumatic  console  to  drive  the  new  balloons  is  being  developed  under 
a  separate  contract,  NIH-73-2924  (below).  Flexible  heart  squeezing  cups  and 
driving  consoles  for  Mechanical  Ventricular  Assistance  previously  developed 
under  this  contract  were  initially  tested,  but  the  project  was  terminated 
due  to  apparent  lack  of  clinical  interest.  The  small,  portable  volume  con- 
trol respirator  continued  to  be  developed  and  tested.  Several  units  of  a 
second  generation  design  incorporating  a  number  of  functional  improvements 
were  fabricated  and  tested  both  on  the  bench  and  with  human  patients.  Test 
results  were  satisfactory.  In  addition  to  these  projects  Tecna  has  embarked 
on  an  extensive  program  of  blood  pump  development,  fabrication,  and  testing 
as  part  of  the  Division's  efforts  in  totally  implantable  artificial  heart 
systems  development.  New  surgical  connectors,  pumping  chambers,  valves, 
etc.  are  being  developed,  fabricated,  and  tested.  During  the  next  fiscal 
year,  work  under  this  contract  will  focus  upon  the  new  balloon  development, 
the  respirator  testing,  and  upon  the  blood  pump  development  and  testing  areas. 
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TECNA  CORPORATION,  Emeryville,  California 

Contract  Amount:  $65,943  Contract  Number:  NIH-73-2924 

DEVELOPMENT  AND  TESTING  OF  ELECTROPNEUMATIC  DRIVE  CONSOLE 

(T.  C.  Robinson  ,  p.i .) 
This  contract  began  in  October,  1972.  It  supports  the  design,  development,  and 
testing  of  prototype  electropneumatic  consoles  for  powering  the  Tecna  dis- 
tensible non-occlusive  intra-aortic  balloon/variable  volume  pressure  modulator 
system.  The  latter,  being  developed  under  Contract  NIH-71-2035  (above)  includes 
an  intra-aortic  balloon,  the  volume  and  diameter  of  which  can  be  tailored  to  the 
needs  of  a  patient  during  pumping.  The  console  which  drives  the  lAB  system  must 
provide  the  EKG  sensing,  operator  control,  and  alarm  functions  of  the  system,  in 
addition  to  the  rapid  response,  high  pressure/low  vacuum  pneumatic  power  for 
the  balloon  system.  During  the  year,  extensive  design  development  has  been 
done,  followed  by  total  system  fabrication,  bench  check-out  and  testing,  and 
initial  animal  laboratory  evaluation  at  Pacific  Medical  Center.  When  the 
testing  phases  are  completed  early  in  the  next  fiscal  year,  provided  that  no 
serious  problems  are  encountered,  initial  clinical  evaluation  of  the  system 
will  be  carried  out  at  Pacific  Medical  Center  in  patients  with  post-myocardial 
infarction  or  post-cardiotomy  cardiogenic  shock. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $798,173  Contract  Number:  PH43-68-1455 

DEVELOPMENT  OF  AN  IMPLANTABLE  RANKINE-CYCLE  CIRCULATORY  SUPPORT  SYSTEM 

(Fred  Huffman,  p.i .) 
The  objective  of  this  program  is  to  develop  a  combined  direct-acting  energy/ 
blood  pump  system  that  converts  a  fraction  of  the  thermal  energy  from  a 
Plutonium-238  fuel  capsule  into  hydraulic  energy  which  drives  an  implanted 
blood  pump.  The  heat  produced  from  the  decaying  radioisotope  is  converted 
into  pressure-volume  energy  by  means  of  an  electronically  controlled  vapor 
cycle  engine  termed  the  tidal  regenerator  engine  (TRE).  The  TRE  energy  con- 
verter is  a  vapor  cycle  analog  of  the  regenerative  gas  cycle  converter  which 
combines  the  advantages  of  the  Rankine  engine  (i.e.,  high  pressure  differen- 
tials for  a  moderate  heat  source  temperature  and  small  compression  work) 
with  the  advantageous  characteristics  of  the  Stirling  engine  (i.e.,  pressure 
balance  and  absence  of  valves  in  the  conversion  cycle).  This  concept  has  no 
sliding  surfaces  and  eliminates  the  requirement  for  valves.  The  system  oper- 
ates at  heart  beat  frequency  and  is  pressure  balanced  within  the  system, 
thereby  eliminating  any  high  stress  regions  in  the  engine.  The  system  will 
ignore  all  signals  that  may  result  from  premature  ventricular  contractions 
unless  significant  blood  is  pumped  during  the  contraction.  If  the  natural 
heart  undergoes  fibrillation,  the  implanted  circulatory  engine  system  will 
automatically  switch  to  a  fixed  internal  pumping  rate  to  provide  normal  car- 
diac outputs  during  the  period  of  fibrillation.  It  will  automatically  re- 
synchronize  upon  defibrillation  and  the  appearance  of  the  control  signal. 
Individual  subsystems  have  been  designed,  fabricated,  and  tested.  Successful 
in  vitro  and  in  vivo  tests  have  been  performed  with  a  radioisotope-powered 
system.  These  tests  have  yielded  promising  performance  characteristics. 
Some  of  the  more  important  milestones  achieved  include:  (1)  demonstrated  fea- 
sibility of  heart-sized  TRE  (actuation  rates  to  140  BPM) ;  (2)  demonstrated 
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attitude  insensitivity  of  engine;  (3)  design  and  fabrication  of  direct-acting 
assist  pump  prototype;  (4)  compatibility  test  of  thermal  energy  storage  and 
candidate  fuel  capsule  materials;  (5)  completion  of  thermoelectric  module 
design;  (6)  demonstration  of  electronic  logic  coupled  to  engine  and  sensor 
(i.e.,  direct-acting  system  counterpulsed  as  a  slave  to  simulated  left  ven- 
tricle); (7)  in  vivo  testing  of  totally  implanted  nuclear  blood  pump  systems 
incorporating  a  50-watt  Pu-238  fuel  capsule.  In  a  recent  in  vivo  test,  the 
TECO  engine  coupled  with  an  H-TAH  pump  operated  in  a  calf  for  over  111  hours. 
The  system  was  able  to  synchronize  with  the  natural  heart  approximately  75% 
of  the  time.  Left  ventricular  pressure  was  reduced  by  about  50  mmHg  during 
portions  of  the  test.  During  the  past  year,  a  considerable  portion  of  the 
effort  was  directed  toward  up-grading  engine  performance  and  efficiency. 
Several  modifications  were  made  to  the  present  TRE  engine.  Concepts  incor- 
porating mercury  and  organic  materials  in  a  binary  cycle  were  formulated 
and  evaluated.  Effort  during  the  next  contractual  period  will  be  directed 
toward:  continued  in  vivo  testing;  life  testing  on  the  bench;  continued 
development  of  the  present  TRE  engine;  and  development  and  testing  of  the 
binary  TRE  engine. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $149,330  Contract  Number:  PH43-66-982 

EFFECTS  OF  INTRACORPOREAL  HEAT  RADIATION 

(Fred  Huffman,  p.i .) 
This  program  began  in  1966  with  the  objective  being  to  characterize  the  effects 
of  chronic  dissipation  of  endogenous  heat  and  radiation  upon  animals.  This 
program  is  part  of  a  long-range  coordinated  effort  the  ultimate  goal  of  which 
is  that  of  a  totally  implantable  artificial  heart  driven  by  a  nuclear-powered 
thermal  engine.  Within  the  past  two  years  the  program  has  concentrated  on 
development  of  a  simulated  thermal  system  (STS)  experiment  in  which  a  left- 
ventricle-to-descending-thoracic-aorta  pump  is  implanted  and  powered  by  a 
pneumatic-to-hydraulic  converter  resting  in  the  abdomen.  The  shape  and  volume 
of  the  pneumatic-hydraulic  converter  approximate  those  of  the  nuclear  thermal 
engine  power  source  under  development  by  other  DTA  contractors.  The  converter 
is  coupled  to  the  H-TAH  left  ventricular  assist  pump  by  hydraulic  lines  which 
penetrate  the  diaphragm  and  electric  heaters  which  simulate  the  reject  heat 
of  thermal  engines.  In  the  previous  contract  years  the  surgical  procedures 
establishing  the  location  and  suspension  of  the  system  as  well  as  the  post- 
operative care  were  developed.  There  is  no  evidence  of  adverse  reaction  to 
heat  of  levels  up  to  50  watts,  but  reliability  problems  in  the  initial  system 
limited  initial  studies  to  periods  up  to  10  days.  Because  long-term  experi- 
mentation is  desirable  the  objective  of  the  present  experimentation  is  to  ob- 
tain extended  studies  of  heat  dissipation  through  the  assist  blood  pump  cou- 
pled to  the  simulated  nuclear  power  source.  These  experiments  have  shown  that 
the  tissue  adjacent  to  the  canister  rises  asymptotically  about  three  degrees 
in  four  hours  with  a  50-watt  input.  Rectal  temperature  likewise  rises  about 
three  degrees  with  a  50-watt  input.  The  temperature  of  the  blood-tissue  inter- 
face has  not  been  measured  because  of  technical  problems  involved  with  the  in- 
sertion of  a  thermistor  on  the  surface  of  the  blood  pump.  Instead,  the  in  vivo 
data  are  interpreted  in  terms  of  an  electric  analog  and  heat  transfer  coeffi- 
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cients  based  on  physically  measurable  data  are  used  to  calculate  the  tempera- 
tures of  interest.  Using  this  technique  it  is  found  that  with  an  initial  body 
temperature  of  35.7  degrees  the  temperature  at  the  blood  intima  interface 
rises  to  39.7  degrees  if  50  watts  of  heat  are  put  into  the  system. 

The  other  portion  of  the  work  involved  in  this  project  is  concerned  with  eval- 
uation of  the  effects  of  radiation  levels  comparable  to  those  of  projected 
nuclear  power  sources.  Radiation  equivalent  sources  that  simulate  the  radia- 
tion environment  from  50-watt  Plutonium  238  heat  sources  have  been  implanted 
in  primates.  Serial  hematologic  studies  since  the  Spring  of  1971  indicate  that 
the  animals  are  in  good  condition  and  they  are  being  maintained  and  monitored 
for  any  chronic  effects  of  radiation.  Renewal  of  this  contract  is  under  con- 
sideration. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $299,670  Contract  Number:  NIH-69-2182 

NEW  CIRCULATORY  ASSIST  DEVICES 

(W.  Bernhard  and  W.  Bornhorst,  p.i.) 
Because  it  has  been  shown  experimentally  that  the  left  ventricular  assist  de- 
vice (LVAD)  developed  by  Thermo  Electron  Corp.  and  Boston  Children's  Hospi- 
tal under  Contract  Number  PH43-67-ni6  (below)  will  not  adequately  support 
the  circulation  in  the  presence  of  inadequate  or  absent  right  ventricular 
function,  a  right  ventricular  assist  device  (RVAD)  has  been  developed  under 
this  contract.  The  RVAD  is  a  pneumatically-actuated  bladder  pump  which  re- 
moves blood  from  the  right  ventricular  infundibulum  and  ejects  it  into  the 
pulmonary  artery.  The  RVAD  has  been  taken  through  at  least  five  design 
iterations;  RVADs  have  been  studied  hemodynamically  after  implantations  in 
calves  both  alone  and  in  conjunction  with  implanted  LVADs .  When  an  RVAD  and 
LVAD  are  implanted  together,  a  bilateral  assist  system  is  obtained  which  is 
capable  of  serving  as  a  functional  total  mechanical  heart  replacement. 
Calves  have  been  studied  for  periods  of  13  and  17  1/2  days  of  induced  ven- 
tricular fibrillation,  with  circulations  adequately  maintained  by  the  bi- 
lateral assist  systems.  Recently,  both  right  and  left  pumps  have  been  through 
an  optimizing  design  iteration,  and  disc  valve  problems  are  being  solved. 
When  the  design  change  is  complete,  a  new  series  of  bilateral  system  reci- 
pients will  be  studied  during  chronic  ventricular  fibrillation  with  the  goal 
of  documenting  the  physiologic  effects  of  prolonged  total  functional  cardiac 
replacement.  It  is  also  anticipated  that  efforts  will  be  made  to  develop  an 
hydraulic  bilateral  assist  system  which  will  permit  total  implantation  of 
power  and  control  systems  in  addition  to  the  pumps. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $337,335  Contract  Number:  NIH-73-2948 

(Formerly  PH43-67-1 116) 
RESEARCH  AND  DEVELOPMENT  OF  LEFT  VENTRICULAR  ASSIST  DEVICES 

(W.  Bernhard  and  W.  Bornhorst,  p.i.) 
With  support  of  this  contract  Thermo  Electron  Corporation  and  Boston  Children 
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Hospital  Medical  Center  Irave  worked  together  on  the  development  and  in  vivo 
testing  of  an  implantable  left  ventricular  assist  device  (LVAD)  which  pumps 
blood  from  the  recipient's  left  ventricle  to  his  descending  thoracic  aorta.  It 
has  been  shown  that  such  a  pump  is  capable  of  significantly  reducing  left  ven- 
tricular work  while  maintaining  peripheral  perfusion  whether  it  functions 
in  a  synchronized  counterpulsating  mode  or  in  an  asynchronous  mode.  In  the 
past  year  design  iterations  have  been  made  resulting  in  Models  VIII,  IX,  and 
X  pumps.  Models  VIII  and  IX  are  smaller  than  in  the  previously  studied 
Model  VII;  the  Model  X  pump  is  intermediate  in  size.  Thrombotic  problems  with 
the  central  opening  valves  of  Model  VIII  and  severe  wear  problems  of  the  disc 
valves  of  Model  IX  have  been  identified  and  studied  extensively,  resulting  in 
more  acceptable  valve  designs.  In  vivo  experimentation  has  proceeded  during 
the  year.  Most  significantly,  it  has  been  shown  that  the  Model  VII  LVAD  can 
support  the  life  of  an  animal  with  severe  left  ventricular  failure  (left 
ventricular  end  diastolic  pressure  without  pumping  in  the  range  of  25  -  35 
torr).  Continued  study  of  prolonged  LVAD  pumping  in  calves  with  induced 
left  ventricular  failure  is  planned  for  the  next  fiscal  year. 

Preliminary  work  is  also  being  done  on  the  feasibility  of  a  hydraulic  LVAD 
driven  by  a  totally  implantable  electrical  power  source.  Contracted  work  has 
also  been  done  on  the  further  development  of  the  fibroblast-seeded  Dacron- 
flocked  blood  interfaces  of  the  pump.  Finally,  the  H-TAH  pusher  plate  acti- 
vated LVAD  has  been  under  continued  development,  and  has  been  tested  in  vivo 
in  conjunction  with  tests  of  totally  implantable  electrical  and  nuclear 
power  sources.  Additional  hemodynamic  evaluation  of  the  pump  will  be  done 
early  in  the  next  year. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $310,093  Contract  Number:  NIH-71-2065 

FABRICATION  OF  IMPLANTABLE  ARTIFICIAL  HEART  DEVICES 

(Walter  Bornhorst,  p.i.) 
The  prime  objective  of  the  Thermo  Electron  fabrication  contract  is  the  fabrica- 
tion of  devices  and  components  in  support  of  the  various  programs  of  the  Divi- 
sion of  Technological  Applications.  The  work  involves  the  application  of 
existing  and  newly-developed  materials,  fabrication  techniques,  and  designs, 
in  the  preparation  of  a  variety  of  devices  and  components  which  are  tested 
and  used  by  other  DTA  contractors.  This  contract  is  an  integral  part  of  the 
heart  assist  and  total  heart  programs.  During  the  past  year,  Thermo  Electron 
has  fabricated  total  artificial  hearts  and  H-tAH  left  heart  assist  pumps  for 
testing  in  conjunction  with  the  thermal  and  electrical  power  sources  of  other 
Division  contractors.  Bladder-type  LVADs  ,  drive  systems,  and  bladders  have 
been  fabricated  for  use  by  intimal  lining  contractors.  A  veno-arterial  bypass 
pump  has  been  under  development  by  TECO,  prototypes  have  been  tested  by  the 
Utah  T  &  E  Facility,  and  the  decision  has  been  made  that  work  on  it  should  be 
discontinued.  The  blood  pump  fabrication  activities  include  the  development 
of  improved  flocking  techniques  and  the  development  and  fabrication  of  more 
efficient  valve  concepts.  Next  year's  activities  will  be  similar  to  those 
during  the  current  year. 
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THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $103,532  Contract  Number:  NIH-73-2945 

RESPIRATORY  INSUFFICIENCY:  PATHOPHYSIOLOGY  RELATED  TO  IMPLANTATION  OF 
CIRCULATORY  SUPPORT  SYSTEMS 

(J.  C.  Norman,  ^.  H.   Huffman,  B.  D.  T.  Daly,  p.i.) 
Extended  evaluation  of  total  heart  replacement  has  yet  to  be  realized;  in 
many  cases  acute  respiratory  insufficiency  has  been  the  prime  etiologic 
factor  resulting  in  the  death  of  experimental  animals  implanted  with  cir- 
culatory support  systems.  The  proposed  studies  are  based  on  the  hypothesis 
that  acute  respiratory  insufficiency  is  potentially  reversible  if  detected 
early  before  it  is  clinically  evident.  The  primary  foci  of  these  studies, 
which  have  been  underway  only  since  February,  1973,  are  as  follows:  (1)  to 
establish  the  normal  hemodynamic  and  respiratory  parameters  in  calves;  (2) 
to  determine  the  effects  of  furosemide  in  the  normal  calf;  (3)  to  investigate 
the  effects  of  bovine  albumin  on  oncotic  pressure,  blood  volume,  and  cardiac 
output  as  well  as  its  effect  on  furosemide  response  in  the  normal  calf;  and 
(4)  to  repeat  the  foregoing  studies  in  calves  following  implantation  with 
circulatory  support  systems. 

Work  to  date  has  included  calibration  of  pneumotachograph  and  pressure 
transducers,  fabrication  of  esophageal  balloons  suitable  for  recording 
compliances  in  calves,  pilot  respiratory  physiology  studies  to  show  the 
feasibility  of  these  techniques  on  awake,  unanesthesized  calves,  and  meas- 
urement of  static  compliance  of  calves  with  circulatory  support  systems. 
In  addition,  an  EAI-380  analog  hybrid  computer  has  been  obtained  and  pro- 
grammed for  measurement  and  computation  of  pulmonary  shunting  and  dynamic 
compliance  in  these  calves.  The  most  recent  work  involves  calibration  of 
a  co-oximeter  for  use  with  calf  blood. 

Thus,  the  instrumentation  and  appropriate  pilot  studies  to  lay  the  ground- 
work for  measurement  of  oxygen  consumption,  tidal  volume,  minute  volume, 
pulmonary  compliance,  pulmonary  shunting,  resistive  and  elastic  work,  and 
pulmonary  surfactant  have  been  completed.  Future  work  with  this  program 
involves  measurement  of  these  parameters  in  combination  with  electron 
microscopic  studies  of  pulmonary  ultrastructure  in  elucidating  the  patho- 
physiology of  acute  respiratory  insufficiency  following  implantation  of 
prosthetic  circulatory  support  systems. 


THERMO  ELECTRON  CORPORATION,  Waltham,  Massachusetts 

Contract  Amount:  $122,009  Contract  Number:  NIH-73-2946 

TEMPORARY  LEFT  VENTRICULAR  ASSIST  PUMPING 

(F.  N.  Huffman,  J.  C.  Norman,  p.i.) 
This  contract,  in  effect  only  since  February,  1973,  has  the  objective  of 
laying  the  detailed  groundwork  for  eventual  clinical  testing  of  left  ven- 
tricular assist  device  (LVAD)  pumping.  The  pump  to  be  studied  is  the  LVAD 
being  developed  by  TECO  and  Boston  Children's  Hospital  (under  Contract  NIH- 
73-2948,  above).  Work  is  being  done  under  this  contract  at  TECO  and  Texas 
Heart  Institute  on  the  anatomic,  surgical,  physiologic,  and  engineering 
questions  which  must  be  answered  prior  to  initial  clinical  trials  of  an  LVAD, 
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The  work  involves  paper  studies  and  bench  tests  as  well  as  cadaver  and  calf 
experiments;  electropneumatic  drive  consoles  for  clinical  use  are  being  de- 
signed, fabricated  and  tested.  Finally,  a  protocol  for  clinical  evaluation 
of  the  efficacy  of  temporary  left  ventricular  assistance  will  be  drafted. 
It  is  anticipated  that  this  work  will  provide  the  basis  for  a  future  deci- 
sion regarding  clinical  application. 


TRAVENOL  LABORATORIES,  INC.,  Morton  Grove,  Illinois 

Contract  Amount:  No  additional  funds     Contract  Number:  PH43-57-1425 
PHYSIOLOGIC  EFFECTS  OF  CIRCULATORY  ASSIST  DEVICES 

(D.  Bruce,  p.i .) 
Travenol  Laboratories  has  served  as  an  animal  testing  facility  for  the  program, 
providing  early  assessments  of  devices  under  development  and  late-stage  test- 
ing and  evaluation.  Studies  were  made  of  surgical  implantation  techniques, 
anatomic  constraints,  and  of  the  functioning  of  blood  pumps,  control  systems, 
and  power  systems.  Information  obtained  from  these  studies  has  been  valuable 
to  contractors  and  to  the  planning  needs  of  the  Division  office.  During  the 
past  year  effort  has  been  focussed  upon  the  generation  of  a  comprehensive 
written  report  of  the  experience  of  previous  years.  Limited  experimental  work 
been  done  with  large  animal  cardiopulmonary  bypass  and  transcutaneous  energy 
transmission.  The  contract  will  terminate  in  July,  1973. 


TYCO  LABORATORIES,  INC.,  Waltham,  Mass. 

Contract  Amount:  $40,264      Contract  Number:  NIH-73-2925 
DEVELOPMENT  AND  TESTING  OF  AN  ELECTROCHEMICAL  ENERGY  CONVERTER  FOR  A  CARDIAC 
ASSIST  SYSTEM 

(J.  Giner,  G,  Holleck,  p.i .) 
A  device  capable  of  directly  converting  electrical  energy  into  mechanical 
(volume  displacement)  energy  at  high  efficiency  appropriate  for  blood  pumping 
has  been  designed  and  is  presently  under  development.  The  device  is  based  on 
an  electrochemical  cell  utilizing  an  electrode  (Pt-Teflon)  which  produces  and 
consumes  hydrogen  at  the  direct  command  of  an  electrical  signal  coordinated 
with  the  desired  pumping  cycle.  The  complementary  electrode,  operating  on  the 
same  signal,  is  a  palladium  electrode  which  absorbs  and  desorbs  hydrogen  as 
protons.  The  hydrogen  pressure  generated  by  this  cell  is  transmitted  to  the 
pump  by  a  system  of  hydraulic  and  mechanical  volume-displacement  devices.  The 
principal  advantages  of  this  model  are  very  high  efficiency  and  high  relia- 
bility, because  of  the  absence  of  moving  parts  other  than  conventional  bellows 
or  diaphragms.  A  transparent  single  cell  test  unit  of  Lucite  has  been  con- 
structed and  operated.  Preliminary  experiments  were  conducted  with  this  cell 
to  define  and  optimize  the  design  parameters,  e.g.,  electrode  structures,  cata- 
lyst loading,  electrode  potential,  amount  of  KOH  electrolyte,  and  the  amount 
and  rate  of  gas  generation  for  various  operating  conditions.  A  full  size 
multicell  prototype  is  also  under  development.  The  present  contract  is  designed 
to  demonstrate  the  feasibility  of  the  system.  Continuation  of  this  program 
will  depend  on  the  results  of  this  study. 
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TYCO  LABORATORIES,  INC.,  Waltham,  Massachusetts 

Contract  Amount:  $107,595  Contract  Number:  NIH-73-2923 

(Formerly  NIH-69-32) 
DEVELOPMENT  OF  AN  IMPLANTABLE  BIOLOGICAL  FUEL  CELL 

(J.  Giner,  P.  Malachesky,  p.i.) 
Development  has  continued  on  an  implantable  biological  fuel  cell  system  in  an 
effort  to  provide  an  implantable  primary  electrical  power  source  for  potential 
low  power  devices,  such  as  electrostimulators ,  but  of  a  type  that  might  eventu- 
ally be  suitable  for  powering  an  artificial  heart  system.  Research  and  develop- 
ment efforts  are  being  devoted  to  two  general  areas:  (1)  improved  electro- 
catalysts  and  electrode  structures  and  (2)  development  and  testing  of  improved 
single  unit  fuel  cells.  Studies  of  improved  electrocatalysts  have  been  con- 
cerned almost  exclusively  with  the  anode  or  fuel  electrode.  The  primary  objec- 
tive of  these  studies  is  the  development  of  an  anode  catalyst  which  has 
improved  resistance  to  poisoning  by  low  molecular  weight  endogenous  species, 
since  earlier  studies  had  traced  in  vivo  anode  performance  degradation  to  com- 
pounds typified  by  urea  and  alanine.  Noble  metal  alloy  blacks  and  the  use  of 
inorganic  additives  to  Pt  black  itself  are  being  considered  in  this  light. 
Preliminary  results  show  that  the  addition  of  M0S2  to  Pt  black  appears  to 
improve  its  resistance  to  poisoning  by  urea.  Improved  cells  have  been  con- 
structed and  tested  in  vitro  and  show  increased  performance.  Earlier  proto- 
type cells  showed  a  maximum  power  density  of  0.1  mW/cm2  with  operation  limited 
to  current  densities  of  the  order  of  0.25  mA/cm^.  However,  the  incorporation 
of  thin,  high-loading  Pt  black  anodes  into  improved  cells  has  allowed  operation 
at  current  densities  of  0.8-1.0  mA/cm^  in  vitro  using  buffered  saline  contain- 
ing 90  mg%  glucose  as  the  perfusion  medium.  Such  cells  show  a  power  output  of 
0.3  mW/cm2,  which  is  60%  of  the  design  goal.  Efforts  are  in  progress  to  produce 
second  generation  cells  for  further  experimentation  in  vivo  in  an  extracorpo- 
real A-V  circuit.  Continuation  of  this  program  beyond  the  end  of  the  current 
contract  period  in  September,  1973,  is  not  presently  planned. 


THE  UNIVERSITY  OF  KENTUCKY,  Lexington,  Kentucky 

Contract  Amount:  $16,875    Contract  Number:  NIH-73-2928 
STUDY  OF  HEART  SYNCHRONOUS  WHOLE  BODY  ACCELERATION  FOR  CIRCULATORY  ASSIST 

(C.  F.  Knapp,  p.i .) 
The  objective  of  this  contract,  which  began  late  during  FY  1973,  is  the  identi- 
fication of  the  parameters  of  synchronous  horizontal  whole  body  acceleration 
which  have  the  optimum  effect  in  assistance  of  the  circulation.  Animals  will 
be  studied  during  both  non-synchronous  acceleration  and  acceleration  synchronous 
with  the  heart  beat;  computer  models  will  also  be  studied.  Once  the  most  favor- 
able acceleration  characteristics  have  been  identified,  their  effects  on  animals 
with  induced  cardiac  failure  will  be  studied. 
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UNIVERSITY  OF  MINNESOTA,  Minneapolis,  Minnesota 

Contract  Amount:  $14,400  Contract  Number:  NIH-73-2967 

DEVELOPMENT  OF  AN  IMPLANTABLE  LEFT  VENTRICULAR  ASSIST  DEVICE 

(P.  L.  Blackshear,  p.i .) 
This  contract  began  near  the  end  of  FY  1973.  The  contractor  plans  to  adapt  the 
centrifugal  blood  pump  he  has  previously  developed  for  use  as  an  implantable 
left  ventricle-to-aorta  left  ventricular  assist  device.  The  pump  will  be  im- 
planted in  the  chest  in  such  a  way  that  its  rotor  will  be  driven  by  a  rota- 
ting magnetic  field  generated  by  a  driving  unit  strapped  to  the  overlying  skin. 
Inlet  and  outlet  pump  connectors  will  be  designed  and  optimized,  as  will  the 
configuration  of  the  pump.  Chronic  in  vivo  experiments  with  the  system  are 
anticipated. 


UNIVERSITY  OF  MISSISSIPPI  MEDICAL  CENTER,  Jackson,  Mississippi 

Contract  Amount:  $160,000  Contract  Number:  NIH-69-2185 

DEVELOPMENT  OF  A  SILASTIC  TOTALLY-IMPLANTABLE  HEART 

(T.  Akutsu  ,  p.i .) 
Since  1969,  Dr.  Akutsu  has  been  constructing  bladder  pumps  of  silicone  rubber 
for  total  heart  implantation.  His  pump  consists  of  a  four-chambered  Silastic 
heart  with  integrally-molded  valves.  The  inlet  valve  is  monoleaflet  and  ellip- 
tically-shaped  and  the  outlet  valve  is  a  low-resistance,  bicuspid  leaflet  valve, 
During  the  past  two  years  there  have  been  several  animals  pumped  for  a  period 
of  ten  days  with  major  problems  in  survival  being  inadequate  cardiac  output 
manifested  by  ischemic  renal  infarcts  and  increasing  intravascular  volume, 
infection  with  septic  shock,  and  pump  bladder  failure.  Because  it  has  been 
recognized  for  several  years  that  a  prosthesis  made  of  silicone  rubber  is 
inherently  limited  to  the  short  flex  life  of  the  material.  Dr.  Akutsu  has 
recently  decided  to  use  a  polyether-type  urethane  in  the  construction  of  his 
hearts.  The  immediate  goal  of  this  program  is  to  obtain  one-month  survivals 
in  order  to  define  physiologic  problems  limiting  prosthetic  pumping.  Continu- 
ation of  this  contract  is  under  consideration. 


UNIVERSITY  OF  UTAH,  Salt  Lake  City,  Utah 

Contract  Amount:  $128,000  Contract  Number:  NIH-69-2181 

ARTIFICIAL  HEART  WITH  INTRINSIC  CONTROL 

(W.  J.  Kolff,  p.i.) 
With  contract  support  from  this  office  since  1969,  Dr.  Kolff  has  been  construct- 
ing bladders  of  reinforced  silicone  rubber  for  use  in  pneumatically-driven  total 
heart  replacement  in  calves.  For  the  past  year  or  eighteen  months  he  has  been 
coating  the  Silastic  bladder  with  either  Dacron  fibers  or  Dacron  cloth  and  has 
found  that  use  of  rough-surfaced  endothelium  has  reduced  the  incidence  of  throm- 
botic complications  but  is  associated  with  a  significantly  higher  incidence  of 
hemolysis  than  smooth-surfaced  hearts.  Within  the  past  18  months  survivors  of 
one  to  two  weeks  have  become  relatively  routine  and  have  allowed  characterization 
of  several  physiologic  problems  caused  by  prosthetic  heart  pumping.  In  this  pro- 
gram these  problems  are  a  right  heart  failure  syndrome,  often  caused  by  kinking 
of  the  vena  cavae;  a  hemolytic  jaundice,  which  usually  develops  after  five  to 
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seven  days  of  prosthetic  pumping;  a  consumption  coagulopathy,  which  appears  with- 
in the  first  day  after  prosthetic  pumping  and  becomes  compensated  within  the 
next  two  or  three  days;  and  a  syndrome  of  post-traumatic  pulmonary  insufficiency. 
Emphasis  during  the  present  contract  year  has  centered  around  documentation  of 
the  hemolysis  caused  by  various  surfaces  in  an  in  vitro  test  system,  redesign 
of  the  heart  to  allow  shorter  inlet  tubing  in  an  attempt  to  minimize  kinking 
problems,  characterization  of  the  respiratory  failure,  correlation  of  clinical 
parameters  with  histopathologic  and  electronmicroscopic  studies,  and  further 
characterization  of  the  coagulopathy  produced  by  the  various  endothelial  sur- 
faces. The  newest  heart  has  a  shorter  dorsal -ventral  dimension  and  has  proven 
in  several  in  vivo  experiments  to  minimize  these  kinking  problems.  Use  of  this 
heart  has  recently  resulted  in  a  survivor  of  19  days  with  the  animal  in  good 
clinical  condition  until  the  last  day.  Termination  of  this  experiment  was  caused 
by  a  clot  occluding  the  inflow  tract,  but  before  this  occurred  there  was  no 
evidence  of  inflow  obstruction,  i.e.,  no  kinking  of  the  inflow  lines.  The 
emphasis  of  the  research  in  the  upcoming  contract  year  will  be  to  investigate 
each  of  the  four  problems  described  above. 


WASHINGTON  UNIVERSITY,  St.  Louis,  Missouri 

No  additional  funds  Contract  Number:  NIH-71-2366 

DEVELOPMENT  OF  A  CENTRIFUGAL  FLUOROCARBON  BLOOD  OXYGENATOR 

(Edmund  E.  Spaeth,  p.i.) 
The  objective  of  this  contract  has  been  to  investigate  the  concept  of  contact- 
ing venous  blood  with  an  immiscible,  oxygen-bearing  fluid  (fluorocarbon)  in 
>  the  presence  of  a  centrifugal  field  so  as  to  maintain  complete,  controlled 
separation  of  the  two  phases  during  the  gas  exchange  process.  The  system 
offers  the  following  potential  advantages:  (1)  very   small  priming  volume,  (2) 
no  direct  blood-gas  contact,  (3)  no  membrane  diffusional  resistance,  and  (4) 
use  of  the  fluorocarbon  as  both  a  gas  exchange  and  heat  exchange  surface. 
During  the  period  of  this  contract  the  centrifugal  fluorocarbon  oxygenator 
system  has  been  fabricated  and  operated  to  demonstrate  the  complete  separa- 
tion of  fluorocarbon  from  ionized  water  for  a  range  of  flow  rates  from  40 
to  275  ml/min  at  rotational  speeds  greater  than  150  rpm.  Both  co-current 
and  counter-current  have  successfully  been  demonstrated.  In  the  absence  of 
proof  of  biocompatibility  of  the  fluorocarbons  which  have  been  part  of  this 
design,  support  for  this  contract  was  terminated  in  December,  1972. 


YALE  UNIVERSITY,  New  Haven,  Connecticut 

Contract  Amount:  $46,762         Contract  Number:  NIH-72-2901 
SEQUENCED  PULSATION  IN  THERAPY  OF  CARDIOGENIC  SHOCK 

(L.  Cohen,  p.i .) 
Work  under  this  contract  was  conducted  on  the  physiological  effects  of  sequenced 
external  counterpulsation  devices  originally  developed  under  contract  NIH-71- 
2079  by  Hamilton  Standard.  Fifteen  human  patients  were  pumped  and  studied 
during  diagnostic  cardiac  catheterization.  Sequenced  external  pulsation  was 
shown  to  have  larger  effects  upon  left  ventricular  filling  pressure,  peak  left 
ventricular  pressure,  and  cardiac  output  than  did  nonsequenced  application  of 
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pressure  to  lower  extremities,  thus  confirming  the  basic  theory  of  sequenced 
pulsation.  This  having  been  demonstrated,  work  under  the  contract  was  termi- 
nated in  February,  1973. 


I 
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INSTRUMENTATION  BRANCH 

For  the  three  years  previous  to  1972  no  new  contracts  were  undertaken  in  the 
area  of  instrumentation  for  diagnosis  and  physiological  monitoring.  The  past 
year  has  been  characterized  by  the  continuation  of  work  on  four  existing  con- 
tract programs  and  by  the  initiation  of  work  on  several  new  programs,  arising 
from  RFP-NHLI-MDAP-72-20,  Instrumentation  for  Development  and  Utilization  of 
Medical  Devices  and  for  Patient  Diagnosis  and  Monitoring.  Action  on  these  new 
programs  was  delayed  by  consideration  of  revised  priorities  for  all  DTA  pro- 
grams in  the  light  of  budget  limitations. 

Notable  among  the  accomplishments  of  the  past  year  was  the  demonstration  of  a 
detectible  acoustic  signal  arising  from  and  correlated  with  the  presence  of  a 
growing  atherosclerotic  lesion  in  a  blood  vessel  as  a  clinical  technique  for 
diagnostic  application  to  both  cardiovascular  and  respiratory  disorders. 
Improved  blood  pressure  transducers  suitable  for  long-term  implantation  in 
animals  have  also  been  developed, 

A  pocket  cassette  for  checking  CPK  (creatine  phosphokinase)  levels  in  the 
blood  has  been  brought  to  the  preclinical  stage,  and  a  similar  cassette  for 
assaying  serum  levels  of  glyceraldehyde-3-phosphate  dehydrogenase  (GAPD)  has 
been  developed.  Instruments  for  continuous  monitoring  of  pn2  by  means  of  an 
oxygen  electrode  sensor  operating  in  an  external  intravascular  catheter  have 
been  completed,  and  a  combined  p02/pC02  sensor  has  been  developed  to  the 
prototype  stage. 

From  a  total  of  117  proposals  submitted  under  RFP-NIH-NHLI-72-20,  nine  new 
contracts  are  under  negotiation  and  are  expected  to  be  awarded  by  the  end  of 
FY  1973.  Four  of  these  (which  are  related  primarily  to  respiratory  disease 
applications)  have  been  transferred  to  the  Lung  Diseases  Division  of  NHLI  for 
administration.  Two  of  the  new  contracts  emphasize  ultrasonic  imaging  and 
ultrasonic  impedance  measurement  as  non-invasive  approaches  to  the  detection 
and  characterization  of  arteriosclerosis.  Two  other  contracts  are  aimed  at 
development  of  more  accurate  and  clinically  reliable  blood  flowmeters  employ- 
ing ultrasonic  techniques.  One  new  contract  is  concerned  with  the  development 
of  ophthalmic  methods  to  detect  and  measure  arteriosclerosis  and  other  vascular 
disorders  as  seen  non-invasively  in  the  ocular  fundus. 


BOSTON  UNIVERSITY  COLLEGE  OF  MEDICINE,  Boston,  Massachusetts 

Contract  Amount:  $7,500  Contract  Number:  NIH-73-2993 

DEVELOPMENT  OF  OPHTHALMIC  INSTRUMENTATION  AND  TECHNIOUES  FOR  NON-INVASIVE 
STUDIES  OF  THE  VASCULAR  SYSTEM 
(Ronald  A.  Laing,  p.i .) 
This  program,  just  begun,  is  aimed  at  development  of  improved  instrumentation 
and  techniques  for  non-invasive  detection  and  characterization  of  arterio- 
sclerosis or  other  vascular  disorders  by  ophthalmic  measurements  on  the  ocular 
fundus.  Methods  for  measuring  hemodynamic  phenomena  and  blood  system  para- 
meters (e.g.,  changes  in  hematocrit  and  oxygen  saturation)  will  be  developed 
by  modification  and  application  of  two  existing  instruments,  a  Photographic 
Eye  Oximeter  and  a  Scanning  Eye  Oximeter. 

TA-49 


CHILDREN'S  MEMORIAL  HOSPITAL,  Chicago,  Illinois 

Contract  Amount:  $6,375  Contract  Number:  NIH-73-2995 

DEVELOPMENT  OF  A  CATHETER  INSTANTANEOUS  VOLUME  BLOOD  FLOWMETER 

(Milton  H.  Paul,  Allen  R.  Grahn,  p.i.) 
This  program,  just  begun,  is  aimed  at  developing  a  catheter  probe  for  volume 
blood  flow  measurement  that  combines  a  thermistor  sensor  for  blood  velocity 
with  an  ultrasonic  probe  for  measurement  of  vessel  diameter  in  a  single  instru- 
ment. The  design  of  the  catheter  probe  tip  is  intended  to  facilitate  position- 
ing of  the  ultrasonic  transducer  for  accurate  vessel  diameter  determination. 


GENERAL  ELECTRIC  COMPANY,  Schenectady,  New  York 

Contract  Amount:  $89,748  Contract  Number:  NIH-69-2238 

DEVELOPMENT  OF  METHODS  TO  DETECT  INCIPIENT  FAILURE  IN  DEVICES 

(Leslie  Meyer,  p.i . ) 
Since  1969  this  company  has  been  funded  to  investigate  the  use  of  passive 
acoustic  signature  analysis  in  attempting  to  monitor  the  state  of  medical 
devices  and  of  the  cardiovascular  system.  Within  the  past  year  work  has  been 
concentrated  in  three  distinct  areas.  The  first  of  these  is  monitoring  the 
state  of  developing  atherosclerotic  lesions  based  upon  the  hypothesis  that 
changes  in  the  arterial  wall  and  those  imparted  to  the  flowing  blood  stream 
by  an  atherosclerotic  plaque  will  alter  the  acoustic  signature  generated  in 
a  characteristic  fashion.  After  establishing  by  in  vitro  studies  that  the 
mechanism  of  sound  production  by  atherosclerotic  plaque  is  a  turbulent  jet 
emanating  from  the  restriction  and  spreading  radially  outward  to  attach  to 
the  vessel  wall  at  some  point  downstream,  animal  studies  have  recently  shown 
consistent  changes  in  acoustic  signal  with  developing  atherosclerotic  lesions. 
Presently  the  state  of  the  animals'  vessels  is  being  investigated  angio- 
graphically  and  acoustic  spectra  are  being  taken  daily.  The  second  part  of 
the  work  performed  over  the  past  year  is  a  preliminary  investigation  of  the 
diagnostic  value  of  respiratory  sound.  Spectral  analysis  is  performed  on  a 
series  of  normal  subjects  and  those  with  pulmonary  diseases.  The  immediate 
work  will  involve  devising  an  adequate  trigger  to  indicate  the  onset  of 
inspiration  in  each  breathing  cycle,  constructing  an  airflow  rate  meter  which 
is  consistent  with  the  acoustic  apparatus  being  used,  and  collecting  addi- 
tional data  from  patients  at  Strong  Memorial  Hospital  in  Rochester,  New  York. 
Once  these  are  performed,  the  data  will  be  analyzed  to  see  if  disease  dis- 
criminants are  present  and  documentation  will  be  forwarded  to  the  Division 
Office.  The  third  part  of  the  study  is  the  development  of  acoustic,  diag- 
nostic techniques  for  monitoring  prosthetic  heart  valves.  The  sensitivity 
of  the  proposed  diagnostic  technique  appears  to  be  adequate  as  concluded 
from  a  short  series  of  simulated  malfunctions  of  valves  with  a  mock  loop. 
Clinical  verification  of  the  technique  is  now  underway  with  data  presently 
being  analyzed.  It  is  planned  to  continue  this  study  during  the  next  year. 


TA-50 


GEOMET,  INC.  Pomona,  California 

Contract  Amount:  $64,803  Contract  Number:  NIH-71-2429 

IDENTIFICATION  OF  SERUM  ENZYME  LEVEL  DETERMINATION  TECHNIOUES 

(R.  H.  Moyer,  p.i .) 
The  goals  of  this  program  during  the  last  year  have  been  optimization  and 
further  testing  of  the  Geomet  Cassette  test  for  screening  creatine  phospho- 
kinase  (CPK)  levels  in  whole  blood,  and  initial  development  of  a  screening 
cassette  test  for  serum  glyceraldehyde-3-phosphate  dehydrogenase  (GAPD). 
The  serum  levels  of  both  enzymes  increase  after  myocardial  necrosis.  Fabri- 
cation techniques,  quality  control  and  packaging  of  the  CPK  Cassettes  have 
been  perfected  and  definitive  trials  with  clinical  blood  samples  will  soon 
be  done  at  the  T  &  E  Centers.  Preliminary  feasibility  of  a  cassette  test  for 
GAPD  has  been  demonstrated,  and  development  work  in  this  area  will  continue 
until  the  contract  terminates  early  in  FY  1974. 


HOLOSONICS,  INC.,  Richland,  Washington 

Contract  Amount:  $9,528  Contract  Number:  NIH-73-2991 

DEVELOPMENT  OF  AN  ACOUSTIC  HOLOGRAPHIC  SYSTEM  FOR  APPLICATION  TO  DIAGNOSIS 

OF  CARDIOVASCULAR  DISORDERS 

(S.  C.  Salisbury,  p.i .) 
This  program,  just  begun,  is  aimed  at  the  further  improvement  of  an  acoustic 
holographic  instrument  system  in  application  to  the  non-invasive  diagnosis 
and  quantitative  assessment  of  cardiovascular  diseases  with  particular 
emphasis  on  peripheral  vascular  disorders.  An  existing  liquid  surface  ultra- 
sonic imaging  system  will  be  modified  to  determine  optimum  parameters  and 
used  to  demonstrate  clinical  potential  for  diagnostic  applications. 


INSTITUTE  OF  ENVIRONMENTAL  MEDICINE  AND  PHYSIOLOGY,  Seattle,  Washington 

Contract  Amount:  $10,001  Contract  Number:  NIH-73-2994 

DEVELOPMENT  OF  ULTRASONIC  BLOOD  FLOWMETERS 
(John  M.  Reid,  Merrill  P.  Spencer,  p.i.) 
This  program,  just  begun,  is  aimed  at  development,  fabrication,  and  testing, 
both  in  vitro  and  in  vivo,  of  prototype  catheter  ultrasonic  flowmeter  systems, 
Both  Doppler  velocity  and  volume  flowmeter  probes  are  to  be  incorporated  in 
catheters  whose  diameters  are  of  the  order  of  1  mm,  and  associated  electronic 
circuitry  will  also  be  developed. 


KONIGSBERG  INSTRUMENTS,  INC.,  Pasadena,  California. 

Contract  Amount:  $20,274  Contract  Number:  NIH-69-2241 

DEVELOPMENT  OF  IMPLANTABLE  BLOOD  PRESSURE  TRANSDUCERS  AND  ASSOCIATED 
IMPLANTABLE  CIRCUITRY 

(Eph  Konigsberg,  p.i .) 
Work  has  continued  on  the  development,  fabrication,  and  testing  of  implantable 
semiconductor  strain  gauge  pressure  transducers  and  associated  implantable 
circuitry  for  telemetry  of  the  signals  from  these  or  other  transducers  (e.g., 
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flow,  T,  EKG,  reference  voltages).  Emphasis  has  been  placed  on  achieving 
stability  of  calibration  of  pressure  transducers  suitable  for  long-term 
(1-2  years)  implantation  in  animals  without  extreme  drift  or  the  necessity 
of  surgical  procedures  to  recalibrate.  Latest  tests  on  a  lot  of  12  trans- 
ducers show  stability  of  the  new  instruments  to  be  3  -  9  Torr/month,  a  level 
heretofore  obtained  only  with  instruments  aged  one  year  or  more,  thus  achiev- 
ing predicted  program  goals.  A  differential  pressure  transducer  has  been 
designed  and  fabrication  is  in  progress.  Capacitance  type  catheter  pressure 
transducers  are  also  under  development  providing  further  improvements  in  trans- 
ducer fabrication  utilizing  a  basic  capacitance  design  developed  over  the  past 
few  years  at  NASA  Ames  Research  Center.  A  new  pulsatile  energization  circuit 
has  been  designed,  fabricated,  and  tested  which  reduces  transducer  current  con- 
sumption by  a  factor  of  30  with  no  degradation  of  signal  accuracy  or  quality. 
This  accomplishment  will  facilitate  the  development  of  a  battery-less  implant- 
able telemetry  system  energized  by  extremely  low  levels  of  radio-frequency 
power.  Continuation  of  this  work  will  be  determined  in  conjunction  with  pro- 
gram needs  and  available  funds. 


MAYO  FOUNDATION,  Rochester,  Minnesota 

Contract  Amount:  U,92n  Contract  Number:  NIH-73-3012 

DEVELOPMENT  OF  AN  ULTRASONIC  IMAGING  SYSTEM  FOR  THE  ATRAUMATIC  OUANTITATIVE 

ASSESSMENT  OF  ATHEROSCLEROSIS 

(C.  E.  Harrison,  P.  S.  Green,  p.i.) 
This  program,  just  begun,  is  aimed  at  developing  methods  and  instruments  for 
the  atraumatic  assessment  of  atherosclerotic  vascular  disease  by  means  of 
ultrasonic  signal  imaging  and  analysis.  Ultrasonic  technology  will  be  com- 
bined with  electronic  signal  processing  and  display  to  provide  improved  imag- 
ing systems.  Stanford  Research  Institute  is  a  principal  subcontractor. 
Clinical  studies  will  be  employed  to  guide  the  system  design,  to  explore  and 
characterize  the  interaction  of  ultrasonic  energy  with  biological  materials, 
and  to  evaluate  the  system  for  clinical  diagnostic  applications. 


WESTINGHOUSE  ELECTRIC  CORPORATION,  Pittsburgh,  Pennsylvania 

Contract  Amount:  $23,521  Contract  Number:  PH43-68-661 

DEVELOPMENT  OF  A  CONTINUOUS  PO2/PCO2  MEASURING  SYSTEM 

(P.  Reichner ,  p.i .) 
During  the  last  year  the  contractor  finished  the  fabrication  of  eight  p02  in- 
struments and  submitted  them  for  testing  and  evaluation.  The  instrument  uses 
a  solid  electrolyte  oxygen  cell  to  measure  the  p02  of  a  small  volume  of  gas 
which  circulates  through  an  external  intravascular  catheter,  at  the  end  of 
which  the  small  gas  volume  is  separated  from  the  blood  by  an  oxygen-permeable 
membrane.  At  equilibrium,  the  oxygen  tension  in  the  gas  is  equal  to  that  in 
the  blood.  In  the  non-equilibrium  case  the  dp02/dt  is  directly  related  to  the 
final  p02.  A  prototype  PO2/PCO2  device  which  measured  the  PO2/PCO2  in  the  small 
gas  volume  using  a  Severinqhous  electrode  was  fabricated  and  initially  tested. 
With  the  completion  of  the  test  and  evaluation  phase,  the  contract  terminated 
in  February,  1973. 
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TEST  AND  EVALUATION  BRANCH 

For  almost  four  years,  two  laboratories,  at  the  minois  Institute  of  Technol- 
ogy Research  Institute  and  at  the  University  of  Utah,  have  been  in  operation 
for  the  DTA  to  conduct  precise,  objective  testing  and  evaluation  of  devices  for 
engineering  and  clinical  application,  whenever  such  devices  were  deemed  to  have 
reached  a  sufficiently  advanced  stage  of  development. 

For  a  number  of  reasons  (including  a  lower  level  of  funding  than  expected),  the 
number  of  devices  submitted  to  these  test  and  evaluation  facilities  did  not 
reach  the  expected  level  at  which  the  facilities  would  be  fully  utilized.  Pres- 
ent levels  of  activity  no  longer  justify  retention  of  these  laboratories  in 
terms  of  their  cost  to  the  program. 

Current  program  support  to  the  two  facilities  will  be  reduced  by  more  than 
half  during  fiscal  year  1974.  During  the  coming  year,  testing  and  evaluation 
will  continue  of  the  capillary  membrane  oxygenator,  pacemakers,  and  of  the  com- 
patibility of  biomaterials  with  blood.  Simultaneously,  exclusive  utilization 
by  the  DTA  of  the  two  facilities  will  be  phased  out,  leaving  the  facilities 
free  to  seek  and  negotiate  contracts  for  other  biomedical  work. 


ILLINOIS  INSTITUTE  OF  TECHNOLOGY  RESEARCH  INSTITUTE  (IITRI),  Chicago,  111. 

Contract  Amount:  $1,430,880  Contract  Number:  NIH-69-2125 

OPERATION  OF  IITRI  TEST  AND  EVALUATION  FACILITY 

(M .  Kaye ,  p . i . ) 
The  basic  objective  of  this  contract  during  fiscal  year  1973  continued  to  be 
testing  and  evaluation  of  specific  devices  provided  by  the  Division  office. 
Several  important  studies  were  completed. 

The  intra-aortic  balloon  comparison  study  has  been  completed  and  differences 
among  the  five  systems  studied  were  noted;  data  on  these  systems  will  be 
available  in  the  annual  report  from  IITRI, 

Preliminary  studies  of  the  5-liter  unit  Dow  oxygenators  have  been  completed 
and  indicate  that  changes  in  the  header  design  are  necessary  for  adequate  gas 
transfer.  Oxygenation  was  poor  due  to  streaming  through  the  center  of  the 
unit  rather  than  through  the  complete  fiber  bundle.  However,  in  vivo  studies 
indicate  that  the  3-liter  units  are  capable  of  oxygenating  for  periods  up  to 
three  days  provided  that  the  blood  is  filtered  during  the  initial  part  of  the 
perfusion  to  eliminate  aggregates  forming  at  that  time. 

Approximately  50  additional  Geomet  CPK  cassettes  have  been  in  storage  for 
5  1/2  months  and  no  problems  were  noted  in  association  with  shelf  life.  A 
new  batch  of  cassettes  are  currently  under  evaluation. 

The  comparative  filter  studies  of  the  Swank,  Pall,  and  Bentley  units  have  been 
completed. 
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Evaluation  of  the  Westinghouse  in  vivo  pOg  sensor  was  disappointing  and  the    \ 
units  were  not  made  operational .  > 


The  pacemaker  life-test  apparatus  was  completed  and  engineering  studies  were 
performed  to  evaluate  the  effects  of  shock,  motion,  and  other  trauma  on  pace- 
maker life.  Dogs  were  subjected  to  heart  block  and  battery-type  pacemakers 
were  implanted.  In  vitro  and  in  vivo  studies  with  nuclear  pacemakers  are  under- 
way. 

I 
A  detailed  analysis  of  the  Tecna  respirator  was  completed  and  the  unit  was 
described  as  a  very   good  one  with  several  significant  advances  over  conven- 
tional respirators.  These  advances  included  better  alarm  systems,  improved 
circuitry,  and  excellent  packaging. 

An  attempt  to  determine  the  ideal  index  of  myocardial  contractility  was  made 
and  more  than  ten  different  indices  were  studied  in  various  combinations. 
An  appraisal  of  the  comparative  validity  of  commonly  used  indices  was  made 
and  after  several  more  in  vivo  studies ,  this  project  will  be  complete. 

During  the  next  year,  the  T  &  E  Facility  will  operate  at  a  reduced  budget  level. 
Work  will  continue  on  the  evaluation  of  pacemakers,  powered  by  nuclear  bat- 
teries and  by  chemical  batteries,  which  have  been  implanted  in  animals.  Bio- 
chemical and  hematological  tests  as  specified  by  the  DTA  will  be  performed. 
Transcutaneous  transformers  will  be  implanted  in  calves  and  evaluated;  detailed 
pathologic  studies  will  be  made  at  autopsy.  Investigations  will  continue  of 
the  ionic  surface  charges  of  various  materials. 


UNIVERSITY  OF  UTAH,  Salt  Lake  City,  Utah 

Contract  Amount:  $1,538,100  Contract  Number:  NIH-70-2081 

OPERATION  OF  THE  UTAH  BIOMEDICAL  TEST  LABORATORY 
(Reed  Harker,  p.i .) 

The  purpose  of  this  program  during  fiscal  year  1973  continued  to  be  testing 
and  evaluation  of  specific  devices  provided  by  the  Division  of  Technological 
Applications.  A  brief  description  of  the  observations  provided  by  intensive 
evaluation  of  the  major  projects  is  provided  below. 

Employing  the  bovine  model,  the  Dow  capillary  membrane  oxygenator  (DCMO)  for 
pulmonary  assist  has  been  evaluated  in  in  vivo  testing  phases  as  well  as  in 
vitro.  Serious  problems  with  blood  leakage  from  the  oxygenator  have  been  solved 
and  total  support  for  short  perfusions  has  been  demonstrated.  Although  long- 
term  support  appears  feasible,  this  has  not  yet  been  demonstrated.  Clinical 
evaluation  of  the  DCMO  with  hemodilution  has  also  been  performed  but  no  sig- 
nificant differences  have  been  noted  between  this  unit  and  other  commercially 
available  oxygenators  with  blood-gas  interface  during  short-term  bypass. 

The  Tecna  Volume  Respirator  studies  revealed  it  to  be  a  very   reliable  unit 
during  a  14-day  test  run  on  a  mock  lung.  Several  suggestions  have  been  pro- 
vided for  improvements  in  design,  alarm  systems  and  safety  checks. 
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The  implantable-ring  materials  testing  project,  formerly  done  by  Dr.  Gott  at 
Johns  Hopkins  University  under  another  contract,  has  been  transferred  to  the 
Utah  Biomedical  Test  Laboratory.  A  few  significant  modifications  in  this  pro- 
cedure have  been  adopted  and  the  thrombogenic  potential  of  different  materials 
is  being  evaluated  on  a  larger  scale  than  previously  possible. 

An  evaluation  of  the  Thermo  Electron  veno-arterial  bypass  system  is  complete 
and  no  further  testing  is  planned.  An  unacceptably  high  degree  of  blood  hemoly- 
sis was  noted  in  this  system  and  the  project  is  no  longer  in  effect. 

Evaluation  of  four  Westinghouse  continuous  blood  p02  measuring  systems  was 
completed.  A  comprehensive  screening  report  indicated  satisfactory  opera- 
tional characteristics  relative  to  accuracy,  response  time,  line  voltage  vari- 
ations and  temperature  variations.  Catheter  fragility  was  found  to  be  a  major 
problem  which  limits  the  usefulness  of  the  pn2  monitor. 

During  the  next  year,  the  T  &  E  Facility  will  operate  at  a  reduced  budget  level, 
Evaluation  will  continue  of  the  Dow  oxygenator  in  the  old  and  in  the  new  con- 
figuration. Implantable-ring  materials  testing  will  continue.  A  detailed 
review  is  planned  of  the  literature  on  implantable  radio  telemetry  with  a  view 
to  developing  packages  for  use  in  UBTL  animal  tests. 
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National  Heart  and  Lung  Institute  Annual  Report 
July  1,  1972  -  June  30,  1973 
Division  of  Extramural  Affairs 


Of  major  importance  during  F.Y.  1973  was  the  passage  and  implementation  of 
the  National  Heart,  Blood  Vessel,  Lung,  and  Blood  Act  of  1972.   This  signif- 
icantly increased  the  Institute's  mandate  and  responsibilities  to  the  extent 
that  a  reorganization  was  necessary  to  effect  new  and  increased  activities 
authorized  in  the  legislation. 

A  reexamination  of  the  basic  NHLI  organization  was  conducted  because  of  an 
approximate  50%  increase  in  appropriations  within  the  past  three  years,  the 
broadening  of  the  Institute's  missions  to  include  additional  activities  in 
lung  and  blood  diseases,  the  assumption  of  demonstration  and  control  respon- 
sibilities, and  additional  program-oriented  pressures.   It  was  decided  that 
the  Institute  had  arrived  at  that  stage  of  development  where  the  primary 
organization  should  be  mainly  by  subject  matter  rather  than  by  mechanism  of 
support.   Consequently,  the  Institute  was  organized  into  six  divisions: 
Division  of  Heart  and  Vascular  Diseases,  Division  of  Lung  Diseases,  Division 
of  Blood  Diseases  and  Resources,  Division  of  Technological  Applications, 
Division  of  Intramural  Research,  and  the  Division  of  Extramural  Affairs. 

As  a  result  of  the  reorganization,  the  Division  of  Extramural  Affairs  was 
created  to  advise  the  Director  on  research  contract,  grant,  and  training 
program  policies.   The  Division  also  represents  the  NHLI  on  overall  NIH 
grant  and  contract  policies  and  disseminates  and  coordinates  such  policies 
within  the  Institute.   The  Division  serves  as  the  focal  point  for  Institute 
liaison  with  the  National  Heart  and  Lung  Advisory  Council  and  has  establish- 
ed, within  the  Office  of  the  Division  Director,  the  position  of  Council 
Executive  Secretary.   The  Division  also  provides  the  program  divisions  of 
NHLI  with  necessary  grant  and  contract  management  support ,  provides  and 
coordinates  the  necessary  scientific  review  and  processing  capabilities  for 
grants  and  contracts,  and  provides  reports  and  statistics  on  the  Institute's 
extramural  programs . 

The  Division  is  currently  composed  of  four  branches.   In  addition,  an  Office 
of  Policy  and  Procedures  located  within  the  Office  of  the  Division  Director 
provides  committee  management  services  for  the  Institute  and  formulates 
common  policies  that  are  applied  to  all  program  divisions  so  as  to  insure 
uniformity  of  grant  and  contract  administration. 

The  Grants  Operations  Branch  provides  requisite  grants  management  expertise 
to  assist  the  program  divisions  in  making  research  project,  program  project, 
SCOR,  training  grant,  and  other  awards.   In  addition,  the  branch  provides 
grants  processing  services  to  the  Institute.   The  Contracts  Operation  Branch 
performs  similar  services  for  the  contract  activities  of  the  program 
divisions.   Contracting  personnel  are  co-located  within  a  program  division 
and  work  closely  with  the  scientific  project  officers  and  program  managers. 
Coordination  of  contract  policy  is  accomplished  through  the  office  of  the 
Branch  Chief  and  the  Policy  and  Procedures  Office. 


The  Review  Branch  has  been  created  to  serve  as  the  Institute's  focal  point 
for  the  initial  scientific  merit  review  of  research  and  training  grants 
and  awards,  and  contract  proposals.   This  branch  has  responsibility  for  the 
executive  secretary  functions  of  the  review  process  and  provides  other 
supporting  staff  to  initial  review  groups;  the  staff  prepares  and  contin- 
ually updates  instructional  materials  for  applicants  describing  the 
information  required  for  review.   This  branch  receives  all  grant  applica- 
tions assigned  to  the  Institute  and,  based  on  their  content,  assigns  them 
to  the  appropriate  NHLI  division. 

The  Reports  and  Evaluations  Branch  was  also  established  this  past  fiscal 
year.   It  collects  data  on  current  and  historic  trends  on  grants  and  con- 
tracts and  provides  a  variety  of  periodic  and  special  reports  and  informa- 
tional displays  to  the  Office  of  the  Institute  Director,  the  Director  of 
the  Division,  Program  Divisions,  and  advisory  groups.   The  branch  also 
provides  internal  reports  which  are  used  by  grant  and  contract  management 
staff  to  assist  them  in  their  activities. 

POLICY 

A  number  of  important  policy  issues  developed  in  F.Y.  1973.   Perhaps  the 
greatest  was  the  decision  to  phase-out  the  NIH  training  programs.   During 
the  appropriation  process  the  Administration  announced  that  many  of  the 
goals  of  the  NIH  training  programs  had  been  achieved  and  that  no  new  awards 
would  be  made  for  training  and  fellowship  activities.   Existing  training 
programs  with  commitments  were  to  be  honored  but  no  new  applications  were 
to  be  accepted  or  awarded.   This  policy  will  have  great  impact  on  the  fiscal 
structure  of' research  institutions  and  on  the  supply  of  research  manpower. 
Early  evidence  indicates  that  reductions  in  expected  savings  on  research 
project  grants  is  occurring  as  grantees  rebudget  to  cover  expenses  formerly 
supported  by  training  awards. 

Current  projections  indicate  that  the  majority  of  NHLI  training  grants  will 
be  phased  out  by  the  end  of  1975. 


The  major  responsibilities  facing  the  Division  of  Extramural  Affairs  in  the 
forthcoming  year  are:   better  coordination  of  policies  among  the  several 
Divisions;  the  provision  of  critical  evaluation  and  initial  scientific 
review  for  an  enlarging  contract  program;  the  formulation  and  implementa- 
tion of  review  criteria  for  Centers  and  other  new  programs  (e.g..  Young 
Investigator  Pulmonary  Research  Grants) ;  the  further  development  of  policy 
and  management  guidelines  for  grant  and  contract  programs;  the  refinement 
of  an  up-to-date  (computer  based)  information  system  for  all  NHLI  programs. 
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